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Abstract

In this study, the aim was to determine the bioactivity of seed proteins from different
apricot varieties, namely Hacihaliloglu (a PDO product protected by the EU),
Hasanbey, Kabaasi and Zerdali. Bioactivities of isolates obtained by precipitation at
the isoelectric point of seeds and hydrolysates obtained by enzymatic hydrolysis
with alcalase were examined. In terms of angiotensin converting enzyme (ACE)-
inhibitory activity, isolate and hydrolysate from Kabaasi variety showed the highest
activity, while isolate from Hasanbey and hydrolysate from Zerdali had the lowest
activity (P<0.05). Kabaasi isolate and hydrolysate had the lowest antioxidant activity
(P<0.05). The amount of amygdalin detected in sweet apricot seeds (Hacihaliloglu,
Hasanbey, Kabaasi) is below the toxic level specified by the EFSA. The results suggest
that apricot seed protein may be a potential source of plant protein for human
nutrition, especially for vegan consumers. Apricot seeds were also rich in terms of
ACE-inhibitory and antioxidant activities.

https://doi.org/10.57252/jrpfoods.2022.2

1. INTRODUCTION

Turkey is one of the biggest producers of apricot
fruit, which is an important export product for
Turkey. Apricot is mostly produced in Malatya
(Turkey) which supplies approximately 85% of the
world's dried apricot exports. Therefore, Malatya
has become a global brand for apricots. When
apricots are mentioned in Turkey, Malatya comes
to mind (Oztirk and Karakas, 2017). Apricot
contains high levels of antioxidants and phenolic
substances and these substances play a protective
role in preventing many diseases. It is estimated
that apricots are beneficial for a healthy and high-
quality life by strengthening the immune system
against damage caused by free radicals in the body,
protecting against diseases, and delaying aging
(Vardi et al., 2008). In addition to the apricot flesh,
its seeds are also important export products. It was
reported that a total of 5419 tons of apricot kernels
or seeds were exported from Malatya in January-

www.journalrpfoods.com

Keywords: Apricot seed; Prunus armeniaca L, Apricot kernel; ACE-inhibition; Antioxidant activity

December 2020 (AA, 2022). Apricot seeds contain
a significant amount of protein, minerals and oil.
Apricot seeds (sweet or bitter type) are used for
different purposes. Sweet seeds are consumed as
snacks or in the production of confectionery, and
bitter seeds are also used in the cosmetics and
pharmaceutical industry (Hasdemir, 2018).

Protein requirements for humans are met mostly
by animal-derived proteins; however, in recent
years, the interest and need for vegetable proteins
have increased due to factors such as heart disease,
diabetes, obesity, animal-borne diseases, the
increase in the number of animals fed with
antibiotics and desire for vegan nutrition. In
addition, the increase in meat prices has restricted
people’'s consumption of animal proteins to some
extent. Also, vegetable protein sources are cheaper
and more accessible for people who prefer a vegan
and vegetarian diet, which has made plant proteins
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an alternative source of food (Cetiner and Bilek,
2018). When the studies about protein-containing
food sources are examined, bioactive peptides with
positive effects on body functions come to the
forefront and thesepeptides are also present in the
animal, vegetable and marine sources (Albenzio et
al., 2017; Admassu et al., 2018).

Studies about plant protein-based peptides have
gained importance in recent years due to the
limited and expensive nature of animal foods as
protein sources (Cetiner and Bilek, 2018). Thus, it
was considered that the seeds of the apricot, which
is mostly produced in Malatya (Turkey), could be an
alternative plant protein source.

In the present study, four different seeds of apricot
cultivars, namely Hacihaliloglu, Hasanbey, Kabaasi
and Zerdali, were used. The aim was to determine
the protein isolates obtained by precipitation at the
isoelectric point using oil from the apricot seed
cultivars. The hydrolysates were obtained by
enzymatic hydrolysis from protein isolates with
bioactive properties such as ACE-inhibition and
antioxidant activity. Also, it is believed that apricot
seeds contain the cyanogenic glycoside,
amygdalin, at a high level which is hazardous for
consumption. However, the apricot varieties grown
in Malatya and exported around the world and
these are sweet taste at a ratio of ca. 99% when
compared to seed with bitter taste. Only 1% or less
is the Zerdali variety, which is bitter and contains a
high level of amygdalin (Asma, 2000; Unal, 2010).
The secondary aim was to determine the levels of
amygdalin, while the primary aim was to determine
the bioactivity of hydrolysates or isolates from the
plant proteins.

2. MATERIALS AND METHODS

2.1. Materials

The seeds of Hacihaliloglu, Hasanbey, Kabaasi and
Zerdali apricot varieties (non-sulfured) used in the
present study were supplied by the Apricot
Research Institute (Malatya, Turkey) in 2018.
Apricot seeds were collected from at least ten
different apricot trees and then a homogenous mix
was used as material. Before sample preparation, at
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least 50 g of each apricot seed was ground and
used corresponding analysis in required amount.

Chemicals or standards used during experiments
were purchased as follows; amygdalin (from the
apricot kernel) from Chem-Impex, International,
USA), 2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonacid (ABTS) from Sigma-Aldrich Co.,
(Ontario, Canada), angiotensin-converting enzyme
(ACE) (from rabbit lung, 1.0 U/mg), bovine serum
albumin (BSA), and sodium dodecyl sulfate (SDS),
Hippuryl-L-histidyl-L-leucine (HHL) from Sigma-
Aldrich Co.,(Missouri, ABD), alcalase (obtained from
Bacillus licheniniforms, activity = 5 U/g) from
Sigma-Aldrich Co., (Zwijndrecht, Netherlands) and
Coomassie Brilliant Blue, B-mercaptoethanol from
Merck KgaA Co., (Darmstadt, Germany). All
chemicals and reagents were analytical grades.

2.2. Determination of protein and amygdalin
contents

Total nitrogen content of the apricot seeds was
determined by micro Kjeldahl method as described
in IDF (1993). Percentage of protein in the samples
was calculated by multiplying of the total nitrogen
with 6.25. Determination of amygdalin was
performed according to the method of Cortés et al.
(2018) with slight modifications. Each variety of
seed was broken and ground in a mortar. Then 0.5
g of seed flour was removed from the samples and
20 mL of methanol was added to this and mixed
by a magnetic stirrer for 24 h. Then, the mixture was
centrifuged (Hettich 320, Tuttligen, Germany) at
3500 x g for 10 min at 4 °C. The supernatants
obtained were filtered through 0.22 pm PTFE
syringe filter and transferred to vials and, 20 pL was
injected into RP-HLPC (Shimadzu, LC 20 AD
Prominence, Kyoto, Japan). The HPLC conditions
were: isocratic flow rate 0.8 mL/min at 218 nmin a
photo diode array (PDA) detector (Shimadzu, LC
20 AD Prominence, Kyoto, Japan), mobile phase
ultrapure water and acetonitrile (80:20 v/v), and
Agilent Zorbax (USA) C18 column (4.6 x 250 mm x
5pm).
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2.3. Preparation of apricot seed protein extract
The apricot seed protein isolate was prepared by

alkaline extraction and acid precipitation method
(Mirzapour et al., 2015). The defatted seed powder
was mixed with distilled water at 1/10 (w/v) ratio.
The pH of the mixture was adjusted to 9.0 by
adding in drops of 1 N NaOH then mixed by a
magnetic stirrer until a homogeneous mixture was
obtained. After mixing, it was centrifuged at 6500
x gat 4 °C for 25 min and the precipitate was
separated.

The upper liquid phase was removed and its pH was
adjusted to 4.5 with 1 N HCl, then mixed by a
magnetic stirrer for 30 min. After mixing it was
centrifuged at 8000xg 4 °C for 25 min. The
precipitate obtained after the process was
neutralized with 1 N NaOH and then freeze-dried
for further analysis.

2. 4. Enzymatic hydrolysis

Enzymatic hydrolysis was performed using the
method of Mirzapour et. al. (2015) with some
modifications. Apricot seed proteins were
hydrolyzed using alcalase enzyme. Briefly, apricot
seed protein isolates and alcalase enzyme were
dissolved in sodium phosphate buffer (pH 8.0) The
seed proteins were hydrolyzed for 3 h
(enzyme/substrate ratio of 1/100 (w/w) at 50 °C) in
a shaking water bath. The hydrolysis was stopped
at 85 °C for 10 min to inactivate the enzyme. After
centrifugation (3300 x g for 10 min at 4 °C),
supernatants were collected and freeze-dried for
analysis.

2.5. ACE inhibition (ACE-i) activity

The ACE-i activity was measured by a method
(Rawendra et al., 2013) with some modifications.
Firstly, a mixture containing 100 pL apricot protein
isolate or hydrolysate sample and 25 pL of 5 mM
hippuric acid-histidine-leucine (HHL) was prepared
using 25 pL of 10 mM sodium phosphate buffer
(containing 400 mM sodium chloride pH 8.9) and
vortexed after the addition of 25 pL (200 mU) ACE
to initiate the reaction at 37 °C for 30 min. Finally,
the reaction was terminated by the addition of 6.75
ML 1 M HCl and then 10 pL of this solution was
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injected into a C18 column (4.6 x 250 mm, 5 pm)
using an HPLC (Shimadzu LC 20 AD Prominence,
Kyoto, Japan). The samples were eluted using 5%
(v/v) acetonitrile in ultrapure water with 0.1%
trifluoroacetic acid (TFA) at a rate of 1 mL/min. The
elution was monitored at 228 nm and inhibition
activity was calculated as described in the method
(Rawendra et al., 2013).

2.6. Antioxidant activity

ABTS radical-scavenging capacity of seed protein
isolates and hydrolysates was examined using the
method of Kocabey et al. (2016) with some
modifications. A stock solution was prepared by
mixing 7 mM ABTS with 2.45 mM potassium
persulfate and the stock solution was kept in the
dark at room temperature for 16 h. Before the test,
a fresh solution of ABTS was prepared by diluting
with ethanol to obtain an absorbance of
0.70£0.02 at 734 nm. Then samples (100 pL)
were reacted with 1 mL of ABTS solution, followed
by incubation in the dark at room temperature for
10 min, and then the absorbance was measured at
734 nm by UV/VIS spectrophotometer (Shimadzu,
model UV-1800, Kyoto, Japan). ABTS radical
scavenging capacity was calculated using the
following equation:

% inhibition = (Acontrol-ASample) / Acontrol x
100

Acontrol = Absorbance of the control

Asmple = Absorbance of the sample (seed protein
isolates or hydrolysates).

2.7. SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)

Evaluation of the molecular size distribution of
apricot seed protein isolates and hydrolysates was
performed with SDS-PAGE using the method
described by Schagger (2006) with some
modifications. Firstly, the protein samples were
mixed with buffer containing 2 mL Tris-HCl / SDS
(pH 6.8), 3 g glycerol, 0.8 g SDS, 2 mL B-
mercaptoethanol, and 2 mg Coomassie Brilliant
Blue G-250. Coomassie blue staining gel was
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prepared with the following: 10% acetic acid +
0.025% Coomassie Brilliant Blue mixture was kept
in the dark at room temperature and then used
after electrophoresis. The polymerized separating
gel (16%) and stacking (4%) gel was prepared as
indicated below:

Separating gel %16  Stacking gel %4

AB* 10 mL Tl
Gel buffer 10 mL 3 mL
Glycerol 3g _
APS (10%) 100 pL 90 pL
TEMED 10 uL o L

*AB (49,5% acrylamide + 3% bisacrylamide)

During gel running, B-lactoglobulin (18 kDa), BSA
(66.5 kDa), lysozyme (14.3 kDa) and sodium
caseinate (k-casein 19 kDa, asl-casein 23 kDa, -
casein 24 kDa, as2-casein 25 kDa) were used as
standards.

After all the samples and standards were mixed
with SDS buffer, they were heated at 95 °C for 4
min, vortexed for 1 min and left for 15 min at room
temperature. After cooling, 5 pL standard and 10
ML samples were loaded carefully onto the gel.
Electrophoresis was carried out (a Bio-Rad mini
Protein Ill) at 80 mA for about 90-120 min.

After separation, samples were fixed in staining
solution (10% acetic acid, 0.025% Coomassie
Brilliant Blue G-250) by shaking for 30 min. After
staining, the gel was fixed in 10% acetic acid
solution for 10 min and then left in pure water for
destaining. Finally, the gel obtained was digitized
using a scanner and shown in a figure.

2.8. Statistical analysis
The data obtained were evaluated using analysis of
variance (ANOVA) and differences were compared
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at 95% (P<0.05) using Duncan’s multiple range
test (SPSS for Windows version 16.0).

3. RESULTS AND DISCUSSION

3.1 Levels of protein and amygdalin

Table 1 shows the protein content of apricot seeds
from Hacihaliloglu, Hasanbey, Kabaasi and Zerdali
varieties. The results showed that the levels of
protein in the samples varied from 25.49% to
30.87% (Hacihaliloglu < Zerdali < Hasanbey <<
Kabaasi). The Kabaasi samples exhibited a
significant difference in terms of protein level
compared to the other samples, which were almost
at the same level (Table 1). Sharma et al. (2010)
reported that the levels of protein in apricot seeds
were 23.6-26.2%. Also, similar levels of protein
content were observed in apricot kernels grown in
Turkey (23.58-27.70%), as reported by other
researchers (Ozcan, 2000; Ozcan et al., 2010).
The amount of amygdalin had the highest levels in
the Zerdali apricot seed and the lowest amount of
amygdalin was in the Kabaasi variety (Table 1).
Hacihaliloglu (0.82 mg/g), Hasanbey (1.27 mg/g)
and Kabaasi (0.74 mg/g) seeds are sweet; however,
Zerdali (25.90 mg/g) seeds have a bitter taste,
which originates from amygdalin. There was no
significant difference between the amygdalin
contents of Hacihaliloglu and Kabaasi cultivars
(P>0.05); however, the amygdalin content in
Zerdali was higher than the other cultivars
(P<0.05). Karsavuran et al. (2015) reported that the
average amygdalin contents were: 0.25 mg/g for
Hacihaliloglu, 0.40 mg/g for Hasanbey and 0.10
mg/g for Kabaasi. Yildinm et al. (2010) stated that
the amygdalin content was different in samples
taken from the same seed variety between years.
In another study, Hasanbey and Kabaasi cultivars
contained 0.376 mg/g and 0.214 mg/g amygdalin,
respectively (Misirli et al., 2006). The EFSA (2016)
report implies that the cyanide level in the apricot
seed is approximately 0.5-3.54 mg/g. When
calculated to find the cyanide concentration in our
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Table 1. Moisture, oil, protein and amygdalin levels of apricot seeds.

J. Raw Mater. Process. Foods vol.3(1), (2022), 10-19
- 0

Apricot Cultivar Moisture (%) Oil (%) Protein (%) Amygdalin (mg/g)
Hacihaliloglu 4.82+0.02a 49.46+0.09b 25.49+0.43a 0.82+0.11a
Hasanbey 4.8120.02a 46.75%1.06a 26.09+2.24a 1.27+0.11b
Kabaasi 4.86+0.01a 50.05£0.77b 30.87+0.53b 0.74+0.008a
Zerdali 4.88+0.03a 47.07+0.94a 25.52+0.48a 25.90+0.42¢

The results were statistically evaluated by one-way analysis of variance (ANOVA). Statistical differences were compared

by 95% (P<0.05) Duncan multiple range test.

data, this value was about 20 times below the
lowest toxic dose reported by the EFSA. All of the
apricot seeds sold in markets or commercially,
processed into another product or exported consist
of Hacihaliloglu (PDO by EU), Kabaasi and
Hasanbey varieties, which have sweet apricot
kernels.

3.2. ACE-i activity

Table 2 shows the ACE-i activities of protein
isolates and hydrolysates obtained from apricot
seeds. The highest ACE-i activity value was

observed in the Kabaasi cultivar with a rate of
89.80% and 94.05% for isolate and hydrolysate
from the cultivar, respectively. The lowest ACE
inhibition activity value was observed in the Zerdali
cultivar with the level of 69%. Almost the same
levels of ACE-i were recorded for Hasanbey and
Hacihaliloglu hydrolysates (P>0.05). As shown in
Table 2, the hydrolysates of Kabaasi and Hasanbey
cultivars were more active than isolates; however,
the isolates from Hacihaliloglu and Zerdali cultivars
had higher ACE-i activity than their hydrolysates.

Table 2. ACE-inhibition and antioxidant activities of apricot seed protein isolates and hydrolysates (%)

ACE-i activity Antioxidant activity
Apricot Cultivar Isolate Hydrolysate Isolate Hydrolysate
Hacihaliloglu 83.20+0.27b 76.92+0.00b 53.43+0.15b 37.81+0.03ab
Hasanbey 66.00£0.66a 78.7210.42b 55.57+2.48b 51.48+0.94c
Kabaasi 89.80+0.27¢ 94.05+1.33¢ 46.04+2.03a 31.4840.34a
Zerdali 88.96+0.21c 69.88+0.12a 54.63+2.83b 41.78+0.11b

The results were statistically evaluated by one-way analysis of variance (ANOVA). Statistical differences were compared

by 95% (P<0.05) Duncan multiple range test.
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Zhu et al. (2010) analyzed the ACE-inhibition
activity of apricot kernels by testing with different
enzymes and hydrolysis times. The results showed
that long hydrolysis times did not increase the
ACE-i activity. It was argued that increasing the
hydrolysis time may inactivate the small peptides
or amino acids. These were divided into three
different fractions and peptides smaller than 1 kDa
were incubated at different temperatures by Wang
et al. (2011). Mirzapour et al. (2017) found that ACE
inhibition activity of hydrolysates obtained from
wild almond proteins by hydrolysis with alcalase
had the highest activity value with a rate of 99.9%.
Bioactivity of isolates and hydrolysates (using
alcalase and thermolysin) from pomegranate peel
proteins was studied and isolates and hydrolysates
had values of isolate. 82% ACE inhibition activity,
with no significant difference between alcalase and
thermolysin hydrolysates (Hernandez-Corroto et
al., 2019). Chia seeds were used in a study about
fractionation based on amino acid type. Peptides
belonging to albumin and globulin fractions
showed ACE-i activity (Orona-Tamayo et al., 2015).
The peptides with a high level of hydrophobic
amino acids had higher activity, as peptide
sequences and chain length significantly affected
the ACE-inhibitory activity (Wang et al, 2014).
Another study by Stark et al. (2008) revealed that
there was no significant difference between the
ACE-i activities of isolates or hydrolysates and
these authors stated that the degree of hydrolysis
does not substantially affect the ACE-i activity.
Pablo-Osorio et al. (2019) reported that chia seed
protein isolates had 50% ACE-inhibition activity
value. Pedroche et al. (2002) suggested that the
hydrolysis time and the enzyme type affect the
ACE-inhibition activity, as the inhibitory peptidesin
the sample may emerge during hydrolysis and will
become the target of the enzyme after a period.
This may cause a decrease in their ACE-i activities.
The isolate ACE-i activity of the Kabaasi cultivar was
found to be higher when compared to the other
cultivars; however, antioxidant activity did not
exhibit the same profile for the Kabaasi cultivar. It
was observed that isolates belonging to the four
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cultivars had both ACE-i and antioxidant activities
at certain rates. In addition, other components
(such as phenolics) in the seed apart from protein
may contribute to the ACE-i activity (Gomaa,
2013). This suggests that peptide properties such as
amino acid type, sequence, and molecular weight
have a greater effect on bioactivity than quantity
(Magsoudlou et al,2018). The ACE-i activity of
Kabaasi and Hasanbey cultivars increased after the
enzyme hydrolysis of protein.

3.3. Antioxidant activity

Hydrolysates from Hasanbey and Kabaasi cultivars
had the highest and the lowest antioxidant activity
at 51.48% and 31.48%, respectively. Differences
between the samples for the antioxidant activity of
the hydrolysate were significant (P<0.05). Table 2
shows the antioxidant capacity of the protein
hydrolysates using alcalase and protein isolates. It
was observed that the antioxidant capacity of the
hydrolysates is lower than those of the isolates.
Mirzapour et al. (2015) hydrolyzed wild almonds for
3 hours by using 5 different enzymes and alcalase
hydrolysate presented the highest activity when
compared with the other four enzymes.
Hernandez-Corroto et al. (2018) studied the
antioxidant activities of some seeds and these
varied between 75.3-86.5% for olive seeds (5
cultivars) and 40.1-72.6% for peach (10 cultivars)
seeds. Garcia et al. (2016) evaluated peptides in
some fruit seeds including apricot, plum, peach and
olive. They found that apricot seeds hydrolyzed
with alcalase were active at 43%, and plum seeds
had the highest activity value. Hernandez-Corroto
et al. (2019) reported that the antioxidant activity
of isolates was higher than hydrolysates with a
significant difference. The antioxidant activity
values ranged between 10-80% depending on the
peptide fractions as reported by Agrawal et al.
(2016) and peptide activities changed by amino
acid sequence (Feng et al,, 2018). Alcalase, pepsin,
papain and flavor enzymes were used for the
hydrolysis process of rice grains and antioxidant
activities of rice hydrolysates were in the range of
18.6-65.9% in the fractions (Yan et al., 2015). It was
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reported that the activity was dependent on the
composition of the material and hydrophobic
properties of the amino acids in the peptides, as
well as the protein isolation conditions, hydrolysis
temperature, enzyme type and peptide
concentration (Wang et al,, 2010; Silvestre et al,
2012). Antioxidant activity values of the isolates
and hydrolysates obtained in this study were close
to the above-mentioned studies. Only a few
studies are comparing the bioactivity of isolates
and hydrolysates. The antioxidant capacity of
pomegranate peel protein isolates was higher than
hydrolysates in results by Hernandez-Corroto et al.
(2019).

The ACE-i activities of Hacihaliloglu and Zerdali
cultivars decreased after hydrolysis. This is thought
to be caused by factors other than hydrolysis or
factors affecting bioactivity during hydrolysis. The
bioactivity (ACE-i and antioxidant activities) of the
peptides resulting from hydrolysis may have
changed depending on the amino acid sequences
and types (Feng et al., 2018). Considering the
studies suggesting hydrolysis conditions affect
bioactivity, it is thought that the optimum
hydrolysis conditions for Hacihaliloglu and Zerdali
cultivars may be different from Kabaasi and
Hasanbey cultivars or the bioactivity of peptides
emerging in Hacihaliloglu and Zerdali cultivars are
lower. Many studies reported that bioactivity is not
only dependent on hydrolysis but also depends on
many factors including hydrolysis duration and
enzyme type (Salampessy et al,2017), the
combined use of different enzymes in hydrolysis,
heat treatment (Rui et al.,2012; Zheng et al., 2017),
isolation method, amino acid sequence,
composition and type in peptides, the molecular
weight of peptides etc. (Yoshie-Stark et al.,2008;
Wang et al.,2014; Magsoudlou et al., 2018; Feng et
al, 2018). It was stated that the relationship
between the structures of ACE-inhibitory and
antioxidant peptides could not be determined
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exactly and a complex mechanism was
encountered. It is thought that the amino acid
sequences of apricot kernel proteins and the amino
acid types such as hydrophobic and aromatic ones
are different. In addition, many factors such as
climate and soil conditions in which fruits are
grown, tree characteristics, ripening/harvesting
times and components other than protein (e.g,
phenolics) may affect the bioactivity of apricot
kernel proteins (Gomaa, 2013; Karsavuran et al.,
2015; Senica et al,, 2016).

3.4.5DS-Polyacrylamide gel electrophoresis (SDS-
PAGE)

Figure 1 illustrates the SDS-PAGE patterns of
protein isolates or hydrolysates using alcalase from
apricot seeds. The electrophoretic profile of
isolates obtained from apricot seed proteins
resulted in bands spanning mostly 19-66.5 kDa and
these bands were different. While the band lines
for Hasanbey, Hacihaliloglu and Kabaasi cultivars
(sweet taste) are close to each other, the band lines
for the Zerdali cultivar (bitter taste) are thicker and
more intense at certain points. The band intensity
of hydrolysates decreased by hydrolysis, which was
determined by the molecular weight loaded on the
left side of the gel pattern. The molecular weights
of hydrolysates are thought to be around 18-35
kDa for the samples. Similarly, Mirzapour et al.
(2015) indicated that molecular weights of the
band on the SDS-PAGE image for wild almond
proteins  varied  between  18-55  kDa.
Electrophoretic band lines for Hasanbey and
Zerdali hydrolysates are considerably different
from Hacihaliloglu and Kabaasi cultivars. As in the
isolate of Zerdali hydrolysate, the intensity of the
band line is higher at certain points compared to
other hydrolysates. The band appearance on the
gel may have changed due to the difference in
protein forms in the seeds
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Figure 1. SDS-PAGE images of seed protein isolate () and hydrolysates (H). HB: Hasanbey, HO: Hacihaliloglu,

KB: Kabaasi, ZD: Zerdali

4. CONCLUSIONS

This study is the first attempt to investigate the
ACE-i and antioxidant activities of seed proteins
from apricot cultivars grown in Malatya. In this
context, protein and amygdalin contents were also
studied and compared to seeds from other plants.
As expected, the Zerdali cultivar (bitter type seeds)
contained a higher level of amygdalin than other
cultivars including Hasanbey, Hacihaliloglu and
Kabaasi (sweet type seeds). The isolates and
hydrolysates from apricot kernel proteins had a
certain level of bioactive properties (ACE-i and
antioxidant activities); however, no correlations
were observed between the levels of amygdalin
and bioactive properties of the seeds. Further

REFERENCES

AA (Anonymous), (2022).

https://www.malatyatb.org.tr/home/fileView/a6986787-
75fc-4e8c-b06b-
79d8413bda54/Tiirkiye%20Geneli%20Kayisi%20Cekirde
8i%20ihracati%202021-12Access date: 08 July 2022.

Admassu, H., Abdalbasit, M., Gasmalla, A., Yang, R., & Zhao,
W. (2018). Bioactive peptides derivev from seaweed
protein and their health benefits antihypertensive,
antioxidant and antidiabetic properties, Journal of Food
Science, 83, 6-16.

Agrawal, H., Joshi, R, & Gupta, M. (2016). Isolation,
purification and characterization of antioxidative peptide
of pearl millet (Pennisetum glaucum) protein hydrolysate,
Food Chemistry,204,365-372.
http://dx.doi.org/10.1016/j.foodchem.2016.02.127

www.journalrpfoods.com

analyses are needed by testing peptide sequences,
amino acids and their compositions using different
enzyme types and hydrolysis times. Peptide
sequences with high activity values can be obtained
by advanced chromatographic analyses. The
protein isolates and hydrolysates of seeds should
be examined in further studies and used as a source
of plant protein.

ACKNOWLEDGMENTS

This research was funded by Inonu University
Scientific Research Projects Unit (FYL-2018-1264).

CONFLICT OF INTEREST STATEMENT

There are no conflicts of interest to report

Albenzio, M., Santillo, A., Caroprese, M., Malva, A., & Marino,

R. (2017). Bioactive peptides in animal food products,
Foods, 6 (35) 1-14.

Asma, B.M. (2000). Kayisi Yetistiriciligi (Apricot farming).

Malatya, Turkey: Evin Ofset.

Cortés, V., Talens, P., Barat, .M., & Lerma-Garcia, J. (2018).

Potential of NIR spectroscopy to predict amygdalin
content established by HPLC in intact almonds and
classification based on almond bitterness, Food Control,
91, 68-75. https://doi.org/10.1016/j.foodcont.2018.03.040

Cetiner, M. & Bilek, S.E. (2018). Plant protein sources,

Cukurova Agriculture and Food Science Journal, 33 (2), 111-
126.

EFSA (2016). Acute health risks related to the presence of

cynogenic glycosides in raw apricot kernels and products

17


http://www.journalrpfoods.com/

Mutlu & Hayaloglu, 2022

derived from raw apricot kernels (Question number EFSA-
Q-2015-00225). The EFSA  Journal 14:4424.
doi:10.2903/j.efsa.2016.4424

Feng, L., Peng, F., Wang, X, Li, M., Lei, H., & Xu, H. (2018).
Identification and characterization of antioxidative
peptides derived from simulated in vitro gastrointestinal
digestion of walnut meal proteins, Food Research
International, 116, 518-526.
https://doi.org/10.1016/j.foodres.2018.08.068

Gomaa, E.Z. (2013). In vitro antioxidant, antimicrobial and
antitumor activities of bitter almond and sweet apricot
(Prunus armeniaca L) Kernels, Food Science
Biotechnology, 22 (2): 455-463. doi:10.1007/s10068-013-
0101-1

Garcia, M.C., Gonzalez-Garcia,E., Vasquez-Villanueva,R., &
Marina, M.L. (2016). Apricot and other seed stones:
amygdalin content and the potential to obtain antioxidant,
angiotensin | converting enzyme inhibitor and
hypocholesterolemic peptides, Food & Function, 7, 4693-
4701. doi: 10.1039/c6fo01132b

Hasdemir, M. (2018). Apricot Product Report (Report
No.297). Ankara: TEPGE Publication No: 297 ISBN: 978-
605-2207-02-4 Institutional Report

Hernandez-Corroto, E., Marina, M.L., & Garcia, M.C. (2018).
Multiple protective effect of peptides released from Olea
europaea and Prunus persica seeds aganist oxidative
damage and cancer cell proliferation, Food Research
International, 106, 458-467. https v/
doi.org/10.1016/j.foodres.2018.01.015

Hernandez-Corroto, E., Marina, M.L., & Garcia, M.C. (2019).
Extraction and identification by high resolution mass
spectrometry of bioactive substances in different extracts
obtained from pomegranate peel, Journal of
Chromatography A, 1594, 82-92.
https://doi.org/10.1016/j.chroma.2019.02.018 0021-9673

IDF standard 20B. (1993). Determination of the nitrogen
(Kjeldahl method) and calculation of crude protein
content, Brussels International Dairy Federation

Karsavuran, N., Charehsaz, M., Celik, H., Asma, B.M., Yakinci,
C., & Aydin, A. (2015). Amygdalin in bitter and sweet seeds
of apricots, Toxicological and Environmental Chemistry, 96
(10), 1564-1570.
https://doi.org/10.1080/02772248.2015.1030667

Kocabey, N., Yilmaztekin, M., & Hayaloglu, A. A. (2016). Effect
of maceration duration on physicochemical characteristics,
organic acid, phenolic compounds and antioxidant activity
of red wine from Vitis vinifera L. Karaoglan. Journal of Food
Science and  Technology, 53(9), 3557-3565.
https://doi.org/10.1007/s13197 -016-2335-4

Magsoudlou, A., Mahoonak, A.S. Mora, L., Mohebodini, H.,
Toldra, F., & Ghorbani, M. (2018). Peptide identification in
alcalase hydrolysated pollen and comparison of its
bioactivity with royal jelly, Food Research International, 116,
905-915. https://doi.org/10.1016/j.foodres.2018.09.027

Misirli, A., Sefer, F., & Giilcan, R. (2006). A research on
phenolic and cyanogenic compounds in sweet and sweet
and bitter kernelled apricot varieties, Acta Horticulturae,
701,167-170. doi: 10.17660/Actahortic.2006.701.25

Mirzapour, M., Rezaei, K, Sentandreu, M.A,, & Moosavi-
Movahedi, A.A. (2015). In vitro antioxidant activities of
hydrolysates obtained from Iranian wild almond
(Amygdalus scoparia) protein by several enzymes,
International Journal of Food Science and Technology, 51,
609-616. https://doi.org/10.111/ijfs.12996

www.journalrpfoods.com

J. Raw Mater. Process. Foods vol.3(1), (2022), 10-19

Mirzapour, M., Rezaei, K, & Sentandreu, M.A. (2017).
Identification of potent ACE inhibitory peptides from wild
almond proteins, Journal of Food Science, 82 (10), 2421-
2431. https://doi.org./10.1111/1750-3841.13840

Orona-Tamayo, D., Valverde, M.E., Nieto-Rendén, B., &
Paredes-Lépez, O. (2015). Inhibitory activity of chia (Salvia
hispanica L) protein fractions against angiotensin I-
converting enzyme and antioxidant capacity, Food
Science and Technology, 64, 236-242.
http://dx.doi.org/10.1016/j.lwt.2015.05.033

Ozcan, M. (2000). Composition of some apricot (Prunus
armeniaca) kernels grown in Turkey, Acta Alimenteria, 29
(3), 289-293. https://doi.org/10.1556/aalim.29.2000.3.7

Ozcan, M.M,, Ozalp, C., Unver, A, Arslan, D., & Dursun, N.
(2010). Properties of apricot kernel and oils as fruit juice
processing waste, Food and Nutrition Sciences, 1, 31-37.
doi:10.4236/fns.2010.12006

Oztiirk, D. & Karakas, G. (2017). Apricot production and
marketing problems; the case of Malatya province,
International Journal of Afro-Eurasian Research. - 4,113-
125. E-ISSN2602-215X

Pablo-Osorio, B.S., Mojica, Luis., & Urias-Silvas, J.E. (2019).
Chia seed (Salvia hispanica L.) pepsin hydrolysates inhibit
angiotensin- converting enzyme binteracting with its
catalytic site, Journal of Food Science, 84 (5), 1170-1179.
doi: 10.1111/1750-3841.14503

Pedroche, |., Yust, M.M,, Girén-Calle, J., Alaiz, M., Millan, F., &
Vioque, J. (2002). Utilisation of chickpea protein isolates
for production of peptides with angiotensin I-converting
enzyme (ACE)-inhibitory activity, Journal of the Science of
Food and Agriculture, 82, 960-965. doi:10.1002/jsfa.1126

Rawendra, R.D.S., Aisha, Chang, C., Aulanni'am, Chen, H,,
Huang, T.C, & Hsu, JL. (2013) A novel angiotensin
converting enzyme inhibitory peptide derived from
proteolytic digest of chinese soft-shelled turtle egg white
proteins, Journal of Proteomics, 94, 359-369.
http://dx.doi.org/10.1016/j.jprot.2013.10.006

Rui, X., Boye, J.I,, Ribereau, S., Simpson, B.K., Prasher, S.O.
(2011). Comparative study of the composition and thermal
properties of protein isolates prepared from nine
Phaseolus vulgaris legume varieties, Food Research
International, 44, 2497-2504.
https://doi.org/10.1016/j.foodres.2011.01.008

Salampessy, )., Reddy, N., Phillips, M., Kailasapathy, K. (2017).
Isolation and characterization of nutraceutically potential
ACE- inhibitory peptides from leatherjacket (Meuchenia
sp.) protein hydrolysates, Food Science and Technology,
80, 430-436. https://doi.org/10.1016/j.lwt.2017.03.004

Schagger, H. (2006). Tricine-SDS-PAGE, Nature Protocols, 1,
16-22. doi:10.1038/nprot.2006.4

Senica, M., Stampar, F., Veberic, R., & Mikulic-Petkovsek, M.
(2016) Transition of phenolics and cynogenic glycosides
from apricot and cherry fruit kernels into liqueur, Food
Chemistry, 203, 483-490.
http://dx.doi.org/10.1016/j.foodchem.2016.02.110

Sharma, P.C., Tilakratne, B.M.K.S,, & Gupta, A. (2010).
Utilization of wild apricot kernel press cake for extraction
of protein isolate, Journal of Food Science Technology, 47
(6) 682-685. doi: 10.1007/513197-010-0096-z

Silvestre, M.P.C, Morais, H.A,, Silva, M.R., de Souza, M. W.S,,
& Silva, V.D.M. (2012). Preparation and analysis of
hydrolysates from whey protein concentrate using the
proteases from Bacillus licheniformis and Aspergillus
oryzae, International Journal of Food Science and

18


http://www.journalrpfoods.com/

Mutlu & Hayaloglu, 2022 J. Raw Mater. Process. Foods vol.3(1), (2022), 10-19
- 0

Technology, 47, 1532-1539. doi:10.1111/}.1365-
2621.2012.03003.x

Unal, M.R. (2010). Kayisi arastirma raporu (Report on apricot
researches). Malatya, Turkey: T.C. Firat Kalkinma Ajansi
(Development Agency of Firat,i Turkey).

Vardi, N., Parlakpinar, H., Ozturk. F., Ates., B., Gul M., Cetin, A.,
Erdogan, A., & Otlu, A. (2008). Potent protective effect of
apricot and B-carotene on methotrexate-induced
intestinal oxidative damage in rats, Food and Chemical
Toxicology, 46, 3015-
3022.https://doi.org/10.1016/j.fct.2008.05.039

Wang, C., Song, W., Jiang, L., & Du, M. (2014). Purification and
identification of an ACE-inhibitory peptide from walnut
protein hydrolysate, European Food Research Technology,
239, 333-338. Doi 10.1007/s00217-014-2227-7

Wang, C, Tian, J., & Wang, Q. (2011). ACE inhibitory and
antihypertensive properties of apricot almond meal
hydrolysate, European Food Research Technology, 232,
549-556. Doi 10.1007/s00217-010-1411-7

Yan, QJ., Huang, L.H,, Sun, Q, Jiang, Z.Q., & Wu, X. (2015).
Isolation, identification and synthesis of four novel
antioxidant peptides from rice residue protein hydrolyzed
by multiple proteases, Food Chemistry, 179, 290-295.
http://dx.doi.org/10.1016/j.foodchem.2015.01.137

Yildirm, F.A. & Askin, M.A. (2010). Variability of amygdalin
content in seeds of sweet and bitter apricot cultivars in
Turkey, African Journal of Biotechnology, 9 (39) 6522-
6524. doi:10.5897/A|B10.884

Yoshie-Stark, Y., Wada, Y., & Wasche, A. (2008). Chemical
composition, functional properties, and bioactivities of
rapeseed protein isolates, Food Chemistry, 107, 32-39.
doi:10.1016/j.foodchem.2007.07.061

Zheng, Y., Li, Y., Zhang, Y., Ruan, X, Zhang, R. (2017).
Purification, characterization, synthesis, in vitro ACE
inibition and in vivo antihypertensive activity of bioactive
peptides derived from oil palm kernel glutelin-2
hydrolysates, Journal of Functional Foods, 28, 48-58.
https://doi.org/10.1016/j.jff.2016.11.021

Zhu, Z, Qiu, N, & Yi, J. (2010). Production and
characterization of angiotensin converting enzyme (ACE)
inhibitory peptides from apricot (Prunus armeniaca L.
kernel protein hydrolysate, European Food Research and
Technology, 231, 13-19. doi:10.1007/s00217-010-1235-5.

www.journalrpfoods.com 19



http://www.journalrpfoods.com/

