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Abstract

Apricot (Prunus armeniaca L.) kernels, one of the economical stone fruit kernels, are utilized worldwide for edible, cosmetic,
and medicinal purposes. Oil from the apricot kernel is valued by the richness of unsaturated fatty acids, the high proportion
of oleic acids, phenols, and tocopherol content. Oil yield with quality from apricot kernel varies with region, variety, and
adopted method of oil extraction. This review discusses apricot kernel characterization, different conventional and novel
methods of oil extraction, their merits and demerits as reported in the literature. Novel technologies such as microwave-
assisted oil extraction, ultrasound-assisted oil extraction, enzyme-assisted oil extraction, and supercritical fluid oil extraction
have emerged as the most promising extraction methods that allow efficient oil recovery in very environment-friendly ways.
Knowledge of the extraction technique aids in giving higher oil recovery with minimal nutritional losses while retaining
the original organoleptic properties.
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Introduction

Apricot, (Prunus armeniaca L.), in the family Rosaceae,
is the most significant economic stone fruit, grown in
temperate regions of the world (Incedayi et al., 2016;
Sharma et al., 2014). Apricots are native to Armenia
and are now grown in many temperate regions of other
nations (Jo et al., 2015). During the last decade, apricot
production has increased tremendously throughout the
world. In the year 2020, global apricot harvested area
and production were 562,475 ha and 3.72 million MT,
respectively (FAO, 2022). Turkey is the highest apricot-
producing country, followed by Uzbekistan, Iran, Algeria,
Italy, Afghanistan, Spain, Greece, Pakistan, and Morocco.

Apricot fruits are a rich source of beneficial nutrients
like sugars, carbohydrates, vitamins (A, C, thiamine,
riboflavin, niacin), minerals, fibers, and many bioactive
phytochemicals (phenolics, carotenoids, and antioxidants)
(Alietal., 2015; Wani et al., 2018). Mostly, apricot fruits
are consumed fresh as table fruit and utilized for dif-
ferent value-added products viz dried apricot, juices,
jams, chutney, alcoholic beverages, leather, toffee, and
fruit bars (Saini et al., 2021; Sharma et al., 2014). Due to
the high number of antioxidants, it has pharmacological
importance as well. It is used as an emetic, antipyretic,
antiseptic, ophthalmic and mild laxative (Ali et al., 2015).
Apricot fruit is also reported to serve as hepatoprotective,
antimicrobial, anti-inflammatory, antimutagenic, and car-
dioprotective (Tabasum et al., 2018).

Table 1 Physical properties of apricot kernel

Apricot kernel

Apricot kernel is the innermost part of the apricot fruit. Most
of the time, apricot fruit seeds are discarded as waste or
byproduct in the food processing units (Gezer et al., 2011),
but it has good potential source of oil, protein, vitamins,
fibre, essential minerals, and many bioactive components
(Akhone et al., 2022). Stone/pit are obtained after the sepa-
ration of fruit pulp. Stones are then dried and decorticated
to get apricot kernel (Gupta and Sharma, 2009a; Kate et al.,
2014b). Apricot fruit has an average weight in the range of
8.0-15.1 g, which gives about 12.7-22.2% stone recovery
after the removal of the pulp. Apricot stones contain about
30.7-33.7% of the kernel (Gupta et al., 2012). Apricot ker-
nels are rich sources of essential nutrients that are beneficial
for the human body. Generally, sweet apricot kernels are
consumed as dry fruit, whereas bitter kernels are utilized
for the extraction of oil (Targais et al., 2011). Majorly it
contains high amount of oil, mainly unsaturated fatty acids
(approximately 50%), protein content (23-27%), as well as
different essential amino acids, which account for 32—-34% of
total amino acids (Liu and Zhang, 2022; Zhang et al., 2020).
It also has the richness of total tocopherol (Kostadinovié
Velickovska et al., 2018). It possesses a high amount of
minerals, especially potassium and magnesium (Shariatifar
et al., 2017). Kernels have several pharmacological com-
ponents which act as anti-inflammatory, anti-cancer, anti-
oxidant, anti-asthmatic, and anti-microbial activities (Saini
et al., 2021).

Apricot kernels, based on taste, are divided into three
categories, viz. sweet apricot, semi-bitter apricot, and bitter
apricot (Cherif et al., 2021; Kate et al., 2014a). The physical

Cultivar location Malatya, Turkey Iran West Azarbayjan, Iran Egypt
Geometrical mean diameter (mm) 9.75-10.21 9.79 9.13-9.78 8.4
Sphericity (%) 55-69 62.21 59.79-62.21 59.26
Surface area, (mmz) - 302.17 264-302 222
Volume, (cm?) 0.45-0.58 0.46 0.442-0.463 0.312
True density (kg/m>) 930.89-1117.02 983.30 882.58-983.4 896.26
Bulk density (kg/m?) 555.45-574.62 406.79 406.8-471.6 424.71
Porosity (%) 39.98-49.95 51.32 51.33-52.68 52.61
1000 kernel mass (kg) 0.46-0.58 0.45 0.382-0.448 0.723
Coef. static friction for wood 0.474-0.516 0.38 0.368-0.3838 0.45
Rupture force (N) 40.17-155.13 16.20-91.22 16.6-23.44 67.9
References Gezer et al. (2003) Ahmadi et al. (2009) Fathollahzadeh et al. (2008) Fayed et al. (2020)
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properties and proximate composition analysis of apricot
kernels from previous studies of different regions are com-
piled and presented in Tables 1 and 2. These comparative
tables show variability in physical properties and proximate
composition analysis depending on the region and cultivar.

Debittering/detoxification of apricot kernel

Bitter apricot kernels have a strong bitter flavor & are toxic-
ity due to the presence of amygdalin (C,yH,;NO,,) (Akhone
et al., 2022), which, after enzymatic breakdown, releases
hydrocyanic acid (HCN) (Rampackova et al., 2021; Silem
et al., 2006). The HCN content in apricot seeds varies with
cultivar/variety, region altitude, and maturity. Based on the
amount of amygdalin content in apricot it has distinguished
in sweet and bitter apricot (Huang et al., 2022). The bitter
apricot kernel contains a high amount of HCN (220.55 to
317.7 mg/100 g) as compared to the sweet apricot kernel
(30.20-79.20 mg/100 g). Amygdalin oral acute toxic dose
is 0.1-0.2 g for humans and animals, which is equal to
20-30 apricot kernels (Song et al., 2017). Many research-
ers reported that detoxification of apricot kernel is neces-
sary before consumption because of the possible toxicity
of cyanide (Saini et al., 2021). The common principle for
detoxification of apricot kernels is the removal of amygdalin
content by soaking kernels in water or brine solution for a
specific time and temperature. Apricot kernel grinding &
soaking operation causes significant degradation of amyg-
dalin due to endogenous B- glycosidases (Silem et al., 2006).
However, detoxification by water-soaking of kernels also
adversely affects quality in terms of the leaching of soluble
nutritional components, oxidation, and rancidity of products
(Song et al., 2017). Therefore, nowadays, accelerated debit-
tering/detoxification methods have been practiced for the

Table 2 Proximate composition of apricot kernel

removal of HCN from the apricot kernels, including soaking
in water, fermentation, enzyme treatment, ultrasound treat-
ment, microwave treatment, and vacuum methods (Song
et al., 2017; Zhang et al., 2019). Amygdalin content upto
5 mg/kg in bitter apricot oil is considered as safe (Jin et al.,
2018).

Apricot kernel oil (AKO) extraction

Apricot kernels are obtained from the decorticated/crushed
stone, followed by separation (specific gravity separator) and
kernel drying (Gupta and Sharma 2009a). Drying by sun
exposure or mechanical dryer leads to reduce moisture con-
tent, which helps to minimize microbial activities and deteri-
orating chemical composition (Ouzir et al., 2021). Generally,
kernels used for oil extraction should have moisture content
below 10 percent (Kate et al., 2014a). Oil recovery depends
on the cultivar, moisture content, pretreatments, and method
of oil extraction. Many researchers have worked on oil yields
from different apricot verities by different methods and
have reported oil yields from 28.26 to 42.48% (Gezer et al.,
2011), 38 to 55.3% (Shariatifar et al., 2017), 27.2-61.4%
(w/w) dry weight basis (Goérnas et al., 2017) and 36.65 to
43.77% (Al-Juhaimi et al., 2021).

The Apricot kernel oil (AKO) can be extracted by dif-
ferent techniques such as traditional methods, conventional
methods (mechanical methods, chemical methods), or
combinations of these methods. Nowadays, many studies
on novel oil extraction methods, viz. ultrasound-assisted
extraction (Gayas et al., 2017), supercritical fluid extrac-
tion (Ozkal et al., 2005), microwave-assisted extraction, and
enzyme-assisted extraction (Bisht et al., 2015b) have been
undertaken with the objectives of higher oil yield and reten-
tion of nutritional quality (Fig. 1).

Apricot varieties and location Oil, % Protein, %  Ash, % Crude fiber, % Carbo- mgHCN/
hydrate, 100 g kernel
%

Cataloglu, Hachaliloglu and Hasanbey (sweet) Cologlu (bitter), 46.3-51.4  23.58-27.70 2.10-2.67 13.49-17.98 - -

_Malatya province in Turkey

Ozcan (2000)

Wild apricot kernel, Himachal Pradesh, India 45-50 23.6-26.2 42 5.42 8.2 90

Sharma et al. (2010)

Bitter apricot kernels, Himachal Pradesh, India 45.6-46.3 244 22-2.4 54 8.2 148-173

Gupta et al. (2012)

Halmas, Nari, Travet and Charmagzi: Swat, Khyber and 32.23-42.51 13.21-20.90 2.11-3.89 5.13-9.81 - -

Pukhtonkha, Pakistan
Manzoor et al. (2012)
Early Orange, Goldrich Sun giant, Harcot, Hargrand and Somo, 32.2-44.2 14.9-19.2  3.07-4.82 5.17-9.17 - -

South-eastern Poland
Stryjecka et al. (2019)
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Traditional method

Traditional methods vary from region to region and are still
practiced in some remote villages in the Ladakh region of
India (Targais et al., 2011). Apricot stones are collected and
stored in gunny bags during the fruiting season. At the time
of utilization, stones are decorticated manually with the help
of rounded stones. Kernels are sundried for 1-2 days for bet-
ter oil extraction (Dwivedi and Dwivedi, 2007). Kernels are
ground to obtain dough with the help of stone. The stone is
shaped in such a way that a cup-shaped depression is given
at one end to collect the oil. During oil extraction, a small
amount of water is sprinkled on the dough and the stone
is warmed with the help of fire under the stone. Oil from
this method possesses a typical aroma which is lacking in
the other oil extracted by modern techniques (Targais et al.,
2011). Recovery from one kg apricot kernel is about 35-37%
in this method (Dwivedi and Dwivedi, 2007; Kate et al.,
2014a).

Conventional methods
Mechanical methods

In these methods, mechanical force is applied to kernels so
that the oil-bearing cell wall is broken and oil is released
easily. These methods are highly commercialized due to
lower initial investment costs and simple operation. Oil qual-
ity obtained by this method has often been analyzed in terms
of its iodine value, acid value, water content, and phosphorus
content (Nde and Anuanwen, 2020). Mechanical oil extrac-
tion is usually done by power Ghani and oil expellers (screw
type and hydraulic press). These expellers can be manually
or animal driven or motor operated. Screw types are con-
sidered more efficient than the hydraulic press in terms of
oil recovery (Gayas and Kaur, 2017). Oils obtained with the
hydraulic press are considered as cold press oil, while during
screw press o0il temperatures may reach above 40-50 °C due
to the friction between kernel and barrel/screw that causes
a slight rise in the acid value, peroxide value, and oxidative
stability (Catalan et al., 2016). The benefits of the mechani-
cal press are that it does not require the use of solvents or
additional heat. Thus, it helps in the retention of phenolics,
flavonoids, essential fatty acids, and tocopherols in the oil
(Pavlovi€ et al., 2018). Gupta and Sharma (2009a) worked
on apricot kernels oil extraction by using table oil expeller,
baby oil expeller, and oil press (power Ghani) and reported
oil yield as 37.5-38.5%, 31.5-32.0%, and 28.5-29.0%,
respectively. It was also reported that the apricot oil yield
from table oil expeller (43.5%) was higher than the tradi-
tional kolhu method (32.5%) (Kate et al., 2014a).
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Solvent oil extraction method

In the solvent oil extraction method, oil from seeds is dis-
solved in solvents, and then by distillation, it is recovered
from the solvent (Qin and Zhong, 2016). It is one of the
widely applied methods for the extraction of oil from organic
materials. Solvents usually used are hexane, diethyl ether,
petroleum ether, and ethanol. Solvent selection is based on
solubility, solvent—solute ratio, oil viscosity and solvent
polarity, cost, and market availability (Nde and Anuanwen,
2020). Ethanol is generally regarded as safe for food oil
extraction, but its oil extraction efficiency is lesser than con-
ventional n-hexane solvent, which is toxic in nature (Gayas
and Kaur, 2017). Oil extracted by solvent extraction is free
from HCN. Gupta and Sharma (2009a) reported higher
oil recovery (45.6-47.0%) through solvent extraction than
mechanical oil expeller.

Novel techniques

Many drawbacks, like low oil recovery, degradation dur-
ing processing, and low storage life of the oil, have been
observed in conventional methods (Rajendran and Guruna-
than, 2021). These can be overcome by adopting novel
techniques to obtain high oil recovery, good oil quality, and
reduced oil wastage in oil cake (Nde and Anuanwen, 2020).
During the last few decades, there have been many research-
ers working on novel techniques for the extraction of apricot
kernel oil. The novel techniques such as Supercritical fluid
oil extraction (SC-FOE), Ultrasound-assisted oil extrac-
tion (UAOE), Microwave-assisted oil extraction (MAOE),
Enzyme-assisted oil extractions (EAOE), etc., are discussed
in the following subsections.

Supercritical fluid oil extraction method (SC-FOE)

Supercritical fluid extraction is a separation process in which
the solvent is in supercritical condition. Under the controlled
condition, the substance at pressure and temperature above
its critical point acts as a supercritical fluid (Catalan et al.,
2016). Its properties get changed such that it diffuses eas-
ily through solids matrices like gas and dissolves material
like liquid (Ahangari et al., 2021). Carbon dioxide, ethanol,
propane, ethane, butane, and water are generally used as
supercritical solvents. Carbon dioxide (critical tempera-
ture-31 °C, critical pressure-73.8 bar) is mostly preferred
due to its environment-friendly properties like non-flamma-
ble and non-polluting nature (Qi et al., 2019). Supercritical
CO, extraction is an excellent technique for nonpolar ana-
lytes. The benefits of CO, as a solvent are easy availability
and low toxicity (Chemat et al., 2019).
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Ozkal et al. (2005) worked on the application of super-
critical carbon dioxide for apricot kernel oil extraction for
higher oil recovery. They reported parameters viz. solvent
flow rate, temperature, pressure, and co-solvent concen-
tration produce a significant effect on oil recovery. The
mass transfer coefficient of the fluid is increased with
decreased particle size and pressure. SC-CO, extraction
has major advantages over conventional oil extraction,
such as a higher number of tocopherols and lesser amyg-
dalin content (Pavlovi¢ et al., 2018). The value of fatty
acid composition in oil by SC-CO, extraction method
was found similar to that of the cold press method and
(hexane) solvent extraction method (Pavlovic et al., 2018;
Ouzir et al., 2021).

Ultrasound assisted oil extraction (UAOE)

UAOE is non-thermal technology in the field of oil
extraction (Tiwari, 2015). Extraction temperature is one
of the major contributing factor for oil recovery. Ultra-
sound waves (20-100 kHz) generate form of energy that
has power to alter the physical and chemical properties
of the exposed subject (Gayas et al., 2017; Singla and
Sit, 2021). The mechanism of ultrasound assisted extrac-
tion (UAE) is often attributable to combine effect of the
cavitation's, as well as the ultrasound's mechanical and
thermal impacts, which can damage cell walls, lower
particle sizes, and improve mass transfer, resulting in
improved extraction efficiency (Fan et al., 2019; Zhang
et al., 2020). Ultrasound penetrates deeply through sol-
vent into solid and increases reaction area; as a result, it
can easily diffuse the compounds into solvent (Mushtaq
et al., 2020). The use of ultrasonic pre-irradiation may
minimize the time it takes to extract oil from edible oils
derived from plants, improving throughput in the com-
mercial oil manufacturing operation (Sharma and Gupta,
2006).

Gayas et al. (2017) worked on apricot oil extraction
by using ultrasound assisted method, and reported that
the rheological characteristics were significantly affected
by ultrasound. Shear values increased as exposure dura-
tion and increased temperature. Ultrasonic pre-treatment
before aqueous enzymatic oil extraction improved apricot
oil recovery in range 19-22% w/w, it also reduced the
overall process time from 18 to 6 h (Sharma and Gupta,
20006). Ultrasound irradiation on apricot kernels helps
to improve B- glucosidase activity by the 34.67%, with
optimized ultrasound parameters such as the temperature,
ultrasound power, exposure time and frequency (Fan et al.,
2019). Ultrasound irradiation has been shown speed up
the debitterization of apricot kernels by increasing mass
transfer and D-amygdalin breakdown (Zhang et al., 2019).

Microwave assisted oil extraction (MAOE)

Microwave assisted extraction has gained attention due to
its faster heating which results in low extraction time (Nde
et al., 2015). Microwave heats the particle with a dual com-
ponent of ionic conduction and dipole rotation (Mandal
et al., 2007). Microwaves are electromagnetic waves with
frequencies ranging from 300 MHz to 300 GHz (Bagade and
Patil, 2021). In food, microwave application are executed at
frequencies of 915 MHz at industrial scale and 2450 MHz
in domestic ovens (Gayas and Kaur, 2017). The principle
of effective extraction is microwave penetrates in cell mem-
brane and cause destruction of cell wall, denaturation of
protein and also moves mass and heat transfer inside to out-
side (Kate et al., 2020). Tiger nut treated with microwave,
scanning electron microscope micrographs showed rupture
of cell membrane results in rapid and efficient oil extraction
(Hu et al., 2018). Also, there was no negative effect found
for the quality of extracted oil and fatty acid composition
(Lozano-Grande et al., 2019; Rezvankhah et al., 2019).

Roasting of apricot kernel effects on oil yield and adds
roasting aroma, and flavor. Tocopherols content, oxidative
stability, antioxidant capacity, antiradical activity of AKO is
improved due to roasting as compared to non-roasted AKO
(Durmaz et al., 2010). Al-Juhaimi et al. (2021) worked on
microwave roasting followed by oil extraction. They found
increase in oil recovery from apricot (variety-Alyanak) ker-
nel up to 43.77%, that is higher than oven roasted apricot
kernel. The total phenolic contents, antioxidant activity,
gallic acid contents, 3,4-dihydroxybenzoic acid contents,
palmitic acid contents, oleic acid contents, linoleic acid
contents in microwave roasted apricot kernel oil, are sig-
nificantly higher in comparison with oven roasted apricot
kernel. Another study, Jin et al. (2018) worked on volatile
compounds and quality changes of bitter apricot kernel oil
(AKO) at different roasting temperature 120, 130, 140 and
150 °C for 15 min. They reported AKO having a pleasant
aroma with typical flavor and useful as edible oil. Sensory
evaluation showed that roasted, nutty, sweet and oily aro-
mas increased with increased roasting temperature. Hojjati
et al. (2016) applied microwaves (480 W for 3 or 4 min) for
roasting of wild almonds and they found roasting causes
increase in oil recovery with characteristics aroma com-
pounds. Microwaves for roasting wild almond are a quick,
safe, and economical method.

Enzyme assisted oil extraction (EAOE)

Major component of cell wall of plant cell are made up from
polysaccharides such as cellulose, hemicelluloses, starch,
pectin, which are responsible for oil extraction efficiency
(Nadar et al., 2018). The principle of EAOE is to hydrolyze
the cell wall with the help of enzyme as a catalyst to liberate
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the oil (Garofalo et al., 2021). Many commercial enzymes
such as protease, hemicellulose, cellulase, pectinase, pro-
tease, amylase, glucanase and many more are used as pre-
treatment before the extraction of oil. Most of the studies
suggested that the mixture of enzymes in proper proportion
gives better results (Liu et al., 2016). Selection of enzyme
should be based on its specific functionalities at optimum
process condition like temperature, pH, concentration, treat-
ment duration, particle size, structure of cell wall (Puri et al.,
2012).

Bisht et al. (2015b) worked on EAOE from apricot kernel
by using enzymes viz. Pectazyme (Pectinase), Mashzyme
(Cellulase) and mixture of Pectazyme + Mashzyme. They
reported increase in oil recovery without any adverse effect
of enzyme on oil quality, hence recommended for industrial
commercial application. In comparison of solvent extracted
oil with enzyme assisted extracted oil, both showed similar
values for fatty acid profile, refractive index and saponifica-
tion value for wild almond (Balvardi et al., 2015). Mahatre
et al. (2012) studied optimization of enzyme assisted apricot
kernel oil extraction with combination of enzyme Pectolytic
and Cellulolytic in the ratio ranges from 30:70 to 70:30.
They reported that important factors responsible for oil yield
in decreasing order such as incubation period, enzyme ratio,
moisture content and enzyme concentration (Tables 3 and 4).

Apricot kernel oil (AKO)

AKO is gaining importance amongst the consumers due
to its immense health benefitting properties. Bitter apricot
kernel analysis shows that the kernel is a rich in oil (up
to 54.21%) having 94.4% unsaturated fatty acids and low
amount of saturated fatty acids (Kate et al., 2018; Zhou
et al., 2016). The major fatty acids present in AKO are
oleic acid (57.9-68.43%), linoleic acid (22.82-30.4%),
linolenic acid (0.25-0.30%), palmitic acid (3.9- 8.1%),
stearic acid (1.37-1.7%) and palmitoleic acid (0.98-1.3%)
(Azcan and Demirel, 2012; Jin et al., 2018). Additionally,
AKO have many bioactive components such as 3-carotene
(61.05 mg/g), tocopherols (50.76 mg/100 g), phenolic
compounds, campesterol (11.8 mg/100 g), stigmasterol
(9.8 mg/100 g), sitosterol (177.0 mg/100 g) and pro-vita-
min A (Zhou et al., 2016). AKO is composed from 98%
triacylglycerols, 1.1% phospholipids, 0.2% free fatty acids,
and 0.7% unsaponifiable matters of the oil weight. In AKO
triglyceride composition differences are due to incom-
pletely separation of some triglycerides (Kiralan et al.,
2019). Uluata (2016) reported total phenolic content of
oil was 24.9 and 26.9 pg gallic acid/g oil and antioxidant
activity were 137.5-238.9 pg Trolox/g oil, 151.2-168.8 pg
Trolox/g oil and 110.6-162.6 umol/100 g oil using DPPH,
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ABTS and ORAC assays respectively. Owing to vitamin E
rich contents, these oils are suitable for use in preparation
of cosmetic and moisturizing creams for dry skins, mas-
saging oils and for industrial use (Gupta et al., 2012). High
amount of fatty acid composition and biologically active
compounds in AKO leads to suitability of oil for edible
purpose as well as pharmaceutical applications. Charac-
teristic aroma and pale light-yellow color of the oil leads
to high overall acceptability by consumers. The dominant
volatile compounds in AKO are ethyl acetate, hexyl ace-
tate, limonene, 6-methyl-5-hepten-2-one, menthone, (2E)-
2-hexenal, linalool, B-ion-one, and y-decalactone (Kiralan
et al., 2018; Zhou et al., 2016). A study on the apricot
has revealed that the composition of fatty acid, triacylg-
lycerol and bioactive component is varied depending on
the maturity, variety, altitude, location, and other environ-
mental condition (Cherif et al., 2021; Naryal et al., 2019).
The physico-chemical properties of AKO from different
regions are presented in Table 5.

Storage stability of AKO

AKO storage stability is highly susceptible for quality
deterioration during storage due to high concentration of
unsaturated fatty acids. During storage, lipid oxidation is
major issue which leads to production of rancid aroma and
adverse effect on nutritional quality of oil (Kiralan et al.,
2019). Bisht et al. (2015a) worked on storage stability of
wild apricot kernel oils (13.17 to 18.47 °C temperature
and 60 to 70% RH) by using different packaging materi-
als viz. transparent plastic bottles, amber colored plastic
bottles, transparent polyethylene pouches and aluminum
laminated pouches. They found that wild AKO in amber
colored plastic bottles are highly stable and did not show
any adverse effect in its physico-chemical qualities up to
six months. Gupta and Sharma (2009b) studied storage
stability of AKO for 6 months by using packaging viz.
transparent glass bottles, amber colored glass bottles and
polyethylene pouches at 20 °C. They found during storage
a significant decrease in the iodine value, while significant
increase in saponification value, peroxide value and acid
value. AKO in amber color glass bottles and polyethylene
pouches exhibited lower changes in quality characteris-
tics as compared to oil stored in transparent glass bottles.
Kiralan et al. (2018) worked and reported AKO thermal
and photo-oxidation stability. They found that during stor-
age of AKO, the peroxide value and diene values (K,3,)
increased slowly in thermal and photo oxidation condition.
Peroxide value increases above 20 meq O,/kg after 6 days
storage and K3, value 3.5 after 10 days storage at 60 °C.
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increased operational cost
« Proper concentration of enzyme

« Increases oil yield

tion + Solvent/Expeller

« Retains quality of product
« Environment friendly

should be used, else require de-

emulsification

« No adverse effect of enzyme on oil

quality

Utilization of AKO (Fig. 2)

As edible/cooking oil purpose

AKO having unique phytochemical composition and rich
in tocopherol content makes it health benefitting oil. Also,
AKO is rich in monosaturated fatty acids (oleic acid) hence
the best potential to be used as edible oils, especially for
heart attack patients. Additionally, carotenoids, benzalde-
hyde, and polyphenols in AKO have shown potential antioxi-
dant and antibacterial activity, making their application as
food additives or preservatives more attractive (Farag et al.,
2022). Huge amount of bioactive components, natural anti-
oxidants, phenolic compounds in AKO are utilized in the
development of functional food development (Al-Juhaimi
et al., 2021). AKO has a typical nutty flavour thus making
it an excellent ingredient for desserts and other recipes. It
is utilized for cooking and edible purpose such as salads
dressing, frying and making fixed oil macaroon paste. Many
bakery products like cakes, sweet biscuits and salted bis-
cuits were prepared by using AKO without any additional oil
treatment (Kiralan et al., 2019; Saini et al. 2021). Because of
similar fatty acid compositions with almond oil, AKO can be
utilized in the alteration of almond oil (Azcan and Demirel,
2012). Moreover, AKO can be blended with other vegetable
oils to increase their oxidative stability (Kiralan et al., 2019).

Application in pharmaceuticals

The AKO rich in essential fatty acids (linoleic and linolenic
acids) aids for skin tissue care, hair nourishment, control on
cholesterol metabolism and maintenance of cell membrane
integrity. Thus, it possesses special pharmaceutical impor-
tance (Gupta and Sharma, 2009a). AKO is high valued for
pharmaceutical components such as phenolics, carotenoids,
volatiles, sterols, tocochromanols, which play important
roles as antioxidant, antiseptic, antifungal, antiaging, and
emollient (Pavlovié et al., 2018; Yigit et al., 2009). AKO is
also reported to have antimicrobial activity against some of
the pathogenic bacteria like Salmonella typhimurium, Serra-
tia marcescens, Staphylococcus aureus, E. coli and Strepto-
coccus pyogenes (Saini et al., 2021). Many studies reported
that AKO’s pharmacological effects are due to high contents
of specific antioxidants, and mono and polyunsaturated fatty
acids, which act as anti-cancer, anti-parasitic, anti-athero-
scleration, cardioprotective, anti-anginal, anti-aging, hepato-
protective, renoprotective, ulcer diseases protective (Jaafar,
2021). In some remote villages AKO are still used to relieve
backache and joint aches (Prakash et al., 2020). Squalene
present in AKO acts as precursors of vitamin D, steroids



257

Apricot kernel oil extraction

(CIS (14N CRERLNE: |

(8107) T8 0 uIp

(1200) ‘Te 1 rureyn(-y

(9002
eydno pue ewreys

KIOAODI 10 %€ /¥

paseaoul
(ewo1e) soutzeikg

(paiseox
-QABMOIOIW) %/ /"¢

0) (palseoIun) %69°9¢

(%2761 98uer paIk
pasearouy) m/m %/ /

Do (TF)0SI®YT
‘uoneUIqUIOD (ISE[N|

-[90 +9seunodd) %¢ 0

armjeradwa) Junseor
s[geins ysowr 5 O 1

4 9 0) oW} uon
-0BI)XQ Q) PAONPIY
‘U g 1oy M QL1
uonerpeL-aid oruos
-e0IN Do O 0y HA
ZHY Of :Aouonbaiy
punosenin ‘10:8°61
:oner ordwes 0}
JUSATOS D6 TL'TS
:armyerodwa) uon
-OenXH ‘UIW G6'EF

(osen|

-[99 + oseunoad)

uoneUIqUIOd pue
ASB[N[[D ‘dSeUNI

arqeonddy 10N

QUEBXAY-U ‘TOURYIA

(sosexoxd Qa1 Jo
QIMIXTW) 5y SWAZNOI]

0SB YT ‘%L0PUR
9'0°C0v0°€0°CO
‘1°0 ‘uUoneNUIIUOD)
‘ase[n[[20 + aseunoad
UOTRUIqUIOD pUB
QSB[N[[D ‘dSBUIII]

utw 61 10§ 9,061
pue 01 ‘0¢1 ‘0Cl
:samjeradwe) Sunseoy

ZHIN 0S¢
:Kouonbaiy Suryiom

‘ur GZ/M 0CL
:Kyroedes romod
QABMOIDIA

(T:6T ‘T:0T

‘1:GT) -o1e1 AqAN[os
JULAOS ‘(U 06 “‘Of
‘0€) PWIL ‘(Do 09

Jo[[edxa 10 +1usw
-Jeoq) QWAZUY

(ore0s K103eI0qET)
$Sa1d [10 +1SBOI U9AQ
uonesnyIua))

+eq
JI91em OTUOSEN[()
+1U9AJOS
+ PISBOI-OABMOIDIIA

(0gV) uon
-0BI)X? 10 d1jeWAZUD

snoanby + uonerp
-exn-o1d oruosenyn

poyjou UONOLIIXd
WLA[0S + (ZHY O)

eIpu ‘pueyyeIEN )

BUIYD ‘Q0UIA0I] 1999H

Koyang,

‘eAuoy]

eIpuy

erpuy

[ouIay joordy

joorde roprg

[ouIdy Joordy

spaas jooridy

(L102) 'Te 10 seken %10°9% 01 98°0F :owin uonoenxyg Quexay-u  ‘Gp ‘0¢) ermerodway, yjeq oosen|n Tysey| 29 nuwep [ou1ay Jooudy
sjo1oydooo) /3 ¢ :MO} SSeN
pue spIoe A1ej Do O -oamerodwag, [ouIay
JO UONENUAIUOD ‘req 0(¢:oIns eneor) joo11de Jo0MmS
(8107) ‘Te 10 1A0[ARd  YSIY YIIM [IQ SPIAIA - 0D-0S -sa1d uonoenxyg wasks C0D-DS ‘IPRISOUTATAQZOUY  —1S9q uereSuny
(edIN S pu®
G'LE ‘0€) 2Inssalg
uonoeIXd ‘(JouryIo %¢ pue G'|
uru G1 ‘D, 09 pue ‘() UOIBIUIIUOD
BJIA S I [oueylo 1U9A[05-0D) (Do 09
%€ ‘9JeI MOJJ JUQA[OS pue 06 ‘Ot) :ormerod
uruy/S 4 ‘w 0G8°0 -way, ‘(urwy3 4 pue ¢
(S007) ‘1B 12 18)Z0 PuIay 3/3 97°0 JIoJoWRIp J[onIed [oueyo+%0D-IS  ‘7) :9Jel SSeU JUIA[OS uonoenxa {9D-OS Koyang, [ouIay 1001dy
poylout
SQ0UQIJY POl /owoonQ  uonipuo)) wnwndQ QwAZuy /JUSA[OS paIpm§ Iojowered  UONOBIXA [10 Jo odAJ, uoneso| ordwreg

uonoeIXa [10 [duIay Jooude 10j uoneordde poyiow [9AON  3|qelL

pringer

a's



258

K. R. Pawar, P. K. Nema

Table 4 (continued)

&

References

Outcome/ Yield

Optimum Condition

Parameter Studied Solvent/ Enzyme

Type of oil extraction

method

Location

Sample

Springer

Mahatre et al. (2012)

Mixture of enzyme 60:40 (pectolytic: cel- 0.14 to 2.53%

Moisture content: 20

Enzyme treat-

Wild apricot kernel Uttarakhand, India

lulolytic), 13 h

-32% (wet basis), (Pectolytic and Cel-

ment + Solvent

extraction

lulolytic): (30:70-

70:30)

Enzyme concentra-

tion: 12-16%,
Enzyme ratio: 3:7-7:3

(pectolytic: cel-

lulolytic), Incubation
period: 12-16 h

hormones and cholesterols, also helps in protection against
oxidative DNA damage in human mammary epithelial cells
(Kiralan et al., 2019).

Application in cosmetics

AKO being rich in Vitamin E and fatty acid, are used in
making cosmetic products like body massage cream, mas-
sage oil, hair oil, UV protection agent, lip balm, moisturizing
cream, soaps, scrubbing cleaning cosmetic creams and many
beauty products (Gupta et al., 2012; Stryjecka et al., 2019).
Moreover, nowadays application of AKO as base oil for aro-
matherapy, sunbathing is widely used (Kiralan et al., 2019).
A study reported, AKO can be utilized with palm stearin
at ratio of 50% in fatty acid blend for manufacturing of toi-
let soap (Saini et al., 2021). Also, the cream prepared from
AKO had good spread ability, absorbability, thermal stabil-
ity, medium emollient, and it does not leave any oily feel
on skin. AKO applied externally, protects the skin against
the adverse effects of free radicals, exhibits anti-inflamma-
tory activity, wound healing and also promotes skin barrier
homeostasis due to components such as triglycerides, phos-
pholipids, FFAs, phenolic compounds, and antioxidants,
present in it (Stryjecka et al., 2019).

Industrial use

Apricot kernels have huge potential in many commercial
areas like leather manufacturing, extraction of benzaldehyde
(aroma industry), manufacturing of active carbon, furfural,
extraction of amygdalin and hydrocyanic acid (Kaya et al.,
2008). AKO has wide industrial application such as lubri-
cants component, cosmetics, and surfactants (Jin et al.,
2018). Nowadays biodiesel named Prunus armeniaca has
been produced with wild AKO by trans esterification pro-
cess, which can be used in automobile as substitute of regu-
lar petrol diesel fuel without making any major modification
in engine (Saini et al., 2021; Yadav et al., 2018).

In conclusions, apricot fruit nutritional composition
changes with origin, location, altitude, maturity, climate
etc. Apricot kernels are byproduct in pulp industry and has
huge potential for further oil extraction. Apricot kernels
contain high amount of oil, protein, carbohydrates and
many mineral contents. Amygdalin component in kernel
is responsible for bittering and toxicity which are removed
by grinding, soaking and other treatments. Conventional
oil extraction methods are commercially used, but causes
thermal degradation, oxidation and oil losses during pro-
cessing. Novel oil extraction methods have several advan-
tages with respect to oil yield, retention of oil quality and
environment friendly operations. AKO is characterized by
adequate proportion of free fatty acids with oleic acid as
major free fatty acid, phenols and tocopherols, and hence
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Apricot stone

|

‘ Decortication, kernel speration, Cleaning and sorting ‘

}

’ Pre-treatment/Drying for proper moisture content ‘

}

I

‘ Conventional Methods ‘

|

}

’ Traditional Methods ‘ Novel Technique
Mechanical Chemical Supercritical Ultrasound Microwave Enzyme
Method Method fluid Oil Assisted Oil Assisted Oil Assisted Oil
1 l Extraction Extraction Extraction Extraction
Hydraulic Screw Solvent
Press Press/Expeller extraction

Fig. 1 Apricot kernel oil extraction methods

Table 5 Physico-chemical properties of AKO from different location

Characteristic Values (Min to Max)

Location Uttarakhand, India Himachal Pradesh,

Malatya province of Swat, Khyber and South Eastern Poland

India Turkey Pukhtonkha, Pakistan
Visual appearance/ Pale Yellow Yellowish, Light to - - -
color deep
Refractive index 1.4638 1.465-1.475 1.527-1.549 1.465-1.479 1.4449-1.4785
(40°C)
Specific gravity 0.9172 0.91-0.917 - 0.87-0.93 -
(25°C)
Iodine value (g 102 87.2-109.9 - 96.4-106.3 95.7-101.8
1,/100 g oil)
Saponification value 190 185-194.4 - 189.1-199.4 185-195
(mg KOH/g oil)
Acid value (mg KOH/g 4.05 3.6-5.27 - - -
oil)
Peroxide value (meq/  — 5.12-5.39 0.833-8.294 - -
kg oil)
References Bachheti et al. (2012) Gupta et al. (2012) Ozcan et al. (2010) Manzoor et al. (2012) Stryjecka et al. (2019)

it is traditionally used as edible oil for cooking, utilized
in cosmetic products formulation, medicinal supplements
and pharmaceutical products. However, very few studies
have attempted to confirm the molecular mechanism of
AKO for health benefits. In future, more research should

concentrate on the retention of nutritional composition in
oil, reduce oil losses during oil extraction, commercializa-
tion of novel oil extraction methods and molecular behav-
ior of AKO with respect to health beneficial effects.

@ Springer
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Fig.2 Application of apricot

kernel oil Cooking oil

Salads dressing
Frying

Making fixed oil
Blending of oil

Antioxidant

Antiseptic

Antifungal

Antiaging

Emollient

Anti-cancer
Anti-parasitic
Cardioprotective

Ulcer disease protective
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