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In this study, amygdalin contents in the seeds of ten different bitter or sweet apricot cultivars were
determined by high performance liquid chromatography (HPLC) for two years. The seeds of apricot
cultivars were obtained from the Malatya Fruit Research Institute in Turkey. The results indicated that
genetic variation was found among the cultivars. The amygdalin contents of bitter cultivars were found
to be higher than those of sweet cultivars. As the average of two years, the amygdalin contents of the
cultivars were determined as 6.354 g/100 g in Paviot (bitter), 5.914 g/100 g in Karacabey (bitter), 4.411
g/100 g in Alyanak (bitter), 1.584 g/100 g in Cologlu (sweet), 0.970 g/100 g in Cataloglu (sweet), 0.820
g/100 g in Aprikoz (sweet), 0.729 g/100 g in Sekerpare (sweet), 0.709 g/100 g in Kabaasi (sweet), 0.610
g/100 g in Ismailaga (sweet) and 0.604 g/100 g in Hacihaliloglu (sweet).
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INTRODUCTION
The origins of apricot (Prunus armeniaca L.) included in
the genus Prunus in the subfamily Prunoideae in the
family Rosaceae are the Central Asia, Western China,
Iran and Caucasus. Apricot is a quite valuable fruit that
can be processed into numerous different products (e.g.
jam and fruit juice). Not only apricot is consumed in fresh
and dried forms throughout the year, but also the seeds
of its kernel are utilized in various ways. The apricot
kernels that are sweet are consumed as dried fruits,
whereas those that are bitter are used as raw materials in
cosmetic and pharmaceutical industries (Asma and Misirli,
2007; Dwivedi and Ram, 2008). Cooking oil, benzaldehyde,
activated carbon, amygdalin and hydrocyanic acid are
obtained from the seeds of apricot (Asma and Misirli,
2007). Known as a cyanogenetic (cyanogenic) glycoside,
amygdalin, D(-)-mandelonitrile β-gentiobioside, is found
abundantly in many tissues, and especially seeds of
species Prunus (e.g. cherry, peach, almond and apricot)
(Haisman and Knight, 1967; Tatsuma et al., 2000).
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D-amygdalin is the main component of apricot seed
extract (Kang et al., 2000). Overconsumption of seeds
containing high amount of cyanogenetic glycoside might
cause acute or chronic toxicity in human beings and
animals (Silem et al., 2006). However, recently, interest in
amygdalin is gradually increasing due to a derivative of
amygdalin, that is, laetrile (vitamin B17), whose use as
secondary cancer chemotherapy and antineoplastic agent
has been encouraged (Suchard et al., 1998; Kang et al.,
2000). Nevertheless, the cancer-preventive efficiency of
laetrile has not been proved yet, and it is reported that no
permission could be obtained from the U.S. Food and
Drug Administration for the use of Vitamin B17 as a drug
in the treatment of patients (Asma and Misirli, 2007).
Apricot seeds contain various amounts of amygdalin
depending on cultivars. It is reported that bitter cultivars
contain higher amygdalin than sweet cultivars (Gomez et
al., 1998). Femenia et al. (1995) reported that a high
amount of amygdalin was found in bitter apricot cultivars,
but not in seeds of sweet ones. Studies on this subject
are rather limited.
The aim of this study is to determine amygdalin contents
in the seeds of bitter and sweet apricot cultivars. The
obtained data might provide important information for the
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Table 1. The results of variance analysis for cultivars
and cultivar x year interaction.

Source of variation

DF

MS

Year
Replication (year)

1
4

38.8*
0.5

Cultivar
Interaction (year x cultivar)
Error
Total

9
9
36

3276.3**
55.0**
5.6

DF: Degree of freedom, MS: mean square, *significant at
p < 0.05, ** significant at p < 0.01.

chemical characterization of these cultivars.
MATERIALS AND METHODS
This study was conducted in 2005 and 2006. In the study, the seed
samples of ten apricot culture cultivars were obtained from the trees
in the apricot cultivar collection orchard located in the Malatya Fruit
Research Institute in Turkey. Approximately 1 kg was sampled from
each cultivar. The apricot cultivars in this study were previously
identified considering the taste of their seeds (Asma, 2000). For
this, the seeds of Alyanak, Karacabey and Paviot cultivars were
reported to be bitter and the seeds of Aprikoz, Cataloglu, Cologlu,
Hacihaliloglu, Ismailaga, Kabaasi and Sekerpare cultivars were
reported to be sweet (Asma, 2000).

Amygdalin analysis
The seeds were hand-picked in the harvest time according to the
maturation of cultivars. As soon as the fruits were sampled, their
seeds were extracted and dried at room temperature for 2 days. In
order to achieve standard drying, they were kept in an oven
arranged at 30°C for 24 h. After the outer shell of the apricot kernel
had been cracked out, the extracted seeds were ground by means
of a blender. The ground samples were preserved at -80°C until
they were analyzed. 2 g of apricot seed was extracted with 100 ml
of methanol in the Soxhlet equipment for 6 h. Methanol was
evaporated at 40°C in the evaporator. The residue was solved in 10
ml of mobile phase (CH3CN : H2 O). The sample was passed
through the Sep-Pak C18 cartridge preconditioned with CH3CN and
H2O. The solution was diluted 500 times, and 10 µl of sample was
injected into the high performance liquid chromatography (HPLC)
(Gomez et al., 1998). Conditions for the HPLC were: Detector:
SPD-10AVvp diode array detector (λmax = 238 nm), system
controller: SCL-10 Avp, Pump: LC-6AD, Column: ACE 5-C18 (250 x
4.6 mm) 5 µ, mobile phase: 75% ACN, flow rate: 0.9 ml/min,
injection volume: 20 µl, column temperature: 25°C. Amygdalin (Sigma)
was used as a standard. The amygdalin content was determined by
comparing the obtained peaks with the standards according to their
relative rise and time.
The experiment was conducted with three replications. The results
were analyzed in the Minitab software (MINITAB Inc.) program
according to the method of analysis of variance, and the resulting
significant differences were checked according to the F test.
Intergroup difference was determined in accordance with the
Tukey’s test and indicated by means of letters.

6523

RESULTS AND DISCUSSION
The results of the analysis of variance are presented in
Table 1 and the means of the amygdalin contents of the
studied apricot cultivars are presented in Table 2. The
results of the analysis of variance indicated that the
cultivars and the “cultivar x year” interaction were found
to be statistically significant at p < 0.01 significance level
with regards to amygdalin content, while the years were
found to be statistically significant at p < 0.05 significance
level (Table 1).
In this study, there were significant differences in the
amygdalin contents of sweet and bitter apricot cultivars
for both years (Table 2). The Tukey’s test showed that
seeds of the bitter apricot cultivars (average 5.559
g/100g) contained significantly more amygdalin than
seeds of the sweet cultivars (average 0.861 g/100g).
These results supported previous studies reporting that
bitter apricot seeds contained a high level of amygdalin
(Gomez et al., 1998; Feminia et al., 1995). Also, these
results were higher than the results that Ohtsubo and
Ikeda (1994) reported for same bitter almonds (47 mg/g).
On the other hand, a small amount of amygdalin was
found in seeds of the sweet cultivars (Table 2). These
results showed similarity with the findings of Gomez et al.
(1998) who reported that seeds of sweet cultivars
contained a low level of amygdalin. Conversely, Feminia
et al. (1995) reported that sweet apricot seeds did not
contain any amygdalin. Also, Yildirim et al. (2010) found
that the amygdalin contents of seeds of sweet almond
genotypes ranged from 1.53 to 11.25 mg/g and Dicenta
et al. (2002) reported that bitter almond geno-types had
higher amygdalin content than seeds of sweet almond
genotypes. This clarifies the relatively slight bitterness of
the seeds that were described as sweet. Moreover,
Gomez et al. (1998) reported that there might be factors
other than amygdalin that can mask the bitter taste in
completely sweet seeds.
When the amygdalin contents based on bitter cultivars
were evaluated, no significant differences were observed
between the two years (Table 2). Also, there was genetic
difference among bitter cultivars. The highest amygdalin
content was determined in Paviot (avarage 6.353 g/100
g), followed by Karacabey (average 5.914 g/100 g) and
Alyanak (average 4.411 g/100 g). Although Paviot and
Karacabey cultivars were placed in the same statistical
group based on the Tukey’s test, Alyanak was placed
differently in a statistical group than the Paviot and
Karacabey cultivars.
When the amygdalin contents based on sweet cultivars
were examined, significant difference was found among
the sweet cultivars in 2005, while this difference remained
insignificant in 2006. As a matter of fact, higher amygdalin
content was found in Cologlu cultivar (2.181 g/100 g)
than in other sweet cultivars in 2005. However, the lowest
amygdalin content, in the year concerned, was determined
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Table 2. Amygdalin content of apricot cultivars (g/100 g).

Cultivar
Alyanak (bitter)
Karacabey (bitter)
Paviot (bitter)
Avarage (bitter)
Aprikoz (sweet)
Cataloglu (sweet)
Cologlu (sweet)
Hacıhaliloglu (sweet)
Ismailaga (sweet)
Kabaası (sweet)
Sekerpare (sweet)
Avarage (sweet)
Avarage (year)

2005
4.102 ± 2.560 b
5.815 ± 1.190 a
6.354 ± 3.027 a
5.224
0.883 ± 2.0327 def
1.027 ± 1.217 de
2.181 ± 1.817 c
0.601 ± 1.150 def
0.318 ± 1.180 ef
0.274 ± 2.890 f
0.346 ± 1.177 ef
0.804
2.190

2006
4.719 ± 2.657 b
6.013 ± 1.260 a
6.352 ± 3.050 a
5.620
0.758 ± 1.167 def
0.913 ± 1.170 def
0.988 ± 1.807 def
0.608 ± 1.150 def
0.903 ± 1.190 def
1.144 ± 2.940 d
1.112± 1,240 d
0.918
2.351

Avarage
4.411
5.914
6.353
5.559
0.820
0.970
1.584
0.604
0.610
0.709
0.729
0.861

Each value is expressed as mean ± standard deviation, means followed by different letters in the
columns are significantly different (P < 0.05).

in Kabaasi cultivar (0.274 g/100 g). In 2006, the
amygdalin contents of sweet cultivars ranged from 1.144
g/100 g (Kabaasi) to 0.608 g/100 g (Hacıhaliloglu). In this
study, while amygdalin was found at similar levels in
Aprikoz, Cataloglu and Hacihaliloglu cultivars during both
years, a lower level of amygdalin was found in Ismailaga,
Kabaasi and Sekerpare cultivars in 2005 than in 2006.
These differences in amygdalin content are considered to
be due to the differences in the harvest time when the
fruit was collected. As a matter of fact, Frehner et al.
(1990) reported that the cyanogenic content of seeds
might vary significantly throughout maturation and that an
increase occurred with maturation in almond seeds
(Gomez et al., 1998).
In conclusion, genetic variation was observed among
the cultivars. It was shown that seeds of bitter cultivars
contained quite a high level of amygdalin than seeds of
sweet cultivars. In this investigation, seeds of bitter apricot
cultivars, Paviot and Karacabey, contained the highest
amygdalin content among all apricot cultivars. Seeds of
sweet cultivars, Hacıhaliloglu and Ismailaga, contained
the lowest amygdalin. Also, sweet cultivar Cologlu
contained higher amygdalin than other sweet cultivars.
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