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ABSTRACT

Melatonin and serotonin are hormones, antioxidants and important phytochemicals that have immunoactive
and neuroactive biological properties. Melatonin and serotonin have an effect against oxidation, ageing,
stress and have an important function as a neuromodulator in the central nervous system. For the first time,
melatonin and serotonin have been detected in the main sour cherry varieties grown in Turkey and sour
cherry juice concentrates. Melatonin content of sour cherries was between 0.14 and 13.8 ng/mL. The highest
melatonin content was found in the Montmorency variety. The serotonin content of sour cherry fruit samples
was between 1.17 and 2.13 ng/mL. The highest serotonin content was found in the Kiitahya variety. Pressing
methods and supplement of vitamin C in juices did not affect the melatonin and serotonin content of
samples. In addition, the serotonin content of sour cherry concentrate ranged between 1.07 and 1.38 ng/mL
but no melatonin was detected in these samples.

Keywords : melatonin; serotonin; sour cherry; sour cherry concentrate; LC/MS/MS
Chemical compounds studied in this article :
Melatonin (PubChem CID : 896); Serotonin (PubChem CID : 5202); Acetonitrile (PubChem CID : 6342);

Methanol (PubChem CID : 887); Formic acid (PubChem CID : 284); Hydrochloric acid (PubChem CID :
313)
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1. INTRODUCTION

Epidemiological studies show that the consumption of fruits and vegetables reduces the risk of several
degenerative and chronic diseases such as certain cancers and cardiovascular diseases (Doll 1990, Dragsted
et al., 1993, Ames et al., 1993, Willett 1994, Burkhardt et al., 2001). This is attributed to their bioactive
compounds. These compounds have the ability to protect against reactive oxygen species. Recently,
attention has been focused on melatonin (N-acetyl-5-methoxytryptamine) and serotonin (5-
hydroxytryptamine) as bioactive components (Figure 1). These molecules are indoleamines, which perform
an important role in the regulation of the circadian rhythm (Srinivasan et al., 2010, Stiirtz et al., 2011).

Melatonin is synthesized from the metabolism of L-tryptophan via serotonin. Melatonin is a neurohormone
and is produced mainly by the pineal gland in vertebrates (Reiter 1991). It is a free radical scavenger and a
broad-spectrum antioxidant, and also performs an important role in the regulation of the circadian rhythm
and modulation of the sleep-wake cycle (Tan et al., 1993, Reiter 1991, Reiter 1998, Burkhardt et al., 2001,
Hardeland et al., 2006, Baker and Driver, 2007, Gonzalez-Gomez et al., 2009, Srinivasan et al., 2010).

Serotonin is a heterocyclic amine that is a principal intermediate in melatonin biosynthesis. Serotonin plays
an important role as a neurotransmitter, and also controls mood behaviours and body temperature
(Gonzalez-Gomez et al., 2009).

There are several studies in literature on the melatonin and serotonin content of plants such as tomatoes,
cucumbers, sunflowers seeds, bananas and pineapples (Cao et al., 2006, Dubbels et al., 1995, Manchester et
al., 2000, Harumi and Matsushima, 2000, Van Tassel and O’Neill, 2001, Reiter et al., 2000; 2007,
Hardeland and Poeggeler, 2003, Kolar and Machackova, 2005, Posmyk and Janas, 2009, Garcia-Parilla et
al., 2009). Sour cherry is one fruit whose melatonin and serotonin content have been investigated
(Kirakosyan et. al., 2009).

Although Turkey is one of the major producers of sour cherries, there is no study about their melatonin and

serotonin content. In this study, the melatonin and serotonin content of the main cherry varieties grown in
Turkey are investigated.
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Figure 1. The chemical structure of 5- hydroxytryptamine (serotonin) ve N-acetyl-5-
methoxytryptamine (melatonin)
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2. MATERIAL AND METHOD

2.1. Materials

2.1.1. Sour cherry:

For this study, nine different (Montmorency, 1350, 1353, 1408, Oblacinska, Early Richmond, Rubin, Macar
and Kiitahya) sour cherry varieties were obtained in 2011. Montmorency, 1350, 1353, 1408, Oblacinska,
Early Richmond and Rubin varieties were harvested from Yalova Atatiirk Central Horticultural Research
Institute; Macar and Kiitahya varieties were harvested from the Ankara University Faculty of Agriculture,
Research and Application Institute.

2.1.2. Sour Cherry Juice:

The Montmorency variety, which contains the maximum amount of melatonin, was selected to determine
the effect of the process on the melatonin and serotonin content of the cherry. Sour cherry juices were
obtained by different pressing methods (hot and cold pressing) with and without vitamin C supplement and
then analysed.

2.1.3. Sour Cherry Juice Concentrate:
Commercially produced concentrated cherry juices (three different brands) in 2010 and 2011 were
investigated for the presence of melatonin and serotonin.

2.1.4. Sample Preparation :

Sour cherry samples (except leaf, stem and seed) were homogenized using ultratorax (Heidolph Silent
Crusher M) and 5 g of each sample was dried under nitrogen gas. The grounded samples were accurately
weighed to 0.3 g and 10 mL aliquots of methanol were added to each sample. Extraction was completed by
sonication in an ultrasonic bath (Falc) for 45 min in darkness. The supernatant was decanted and centrifuged
(Hettich Zentrifugen) at 4500xg for 10 min. The resulting extract was filtered through a 0.45 um filter
(Millex syringe filter) and combined with the filtered supernatant of two subsequent methanol washes of the
tissue residue. The entire extract was dried to complete drying with nitrogen gas in total darkness and
resuspended in 1 mL methanol for injection. Finally, 50 uL of sample was injected into LC/MS/MS.

2.2. Method

2.2.1. Chemicals:

Certified analytical standards of melatonin and serotonin were used. Methanol (High-performance liquid
chromatography (HPLC)-grade) used for the extraction, acetonitrile (HPLC purity), analytical-reagent grade
formic acid and HCI were purchased from Sigma Aldrich (St. Louis, MO, USA). Ultra-pure water obtained
by an ultra pure water-producing device (TKA Gmbh) was used for all analyses. Stock solutions of
melatonin and serotonin (0.001 mg/mL) were prepared by dissolving the standards in ultra-pure water. To
prevent degradation, stock and working solutions were stored at 4°C, avoiding direct light exposure.

2.2.2. Instrumentation :

All separations were performed with an Agilent Tecnology 6460 Triple Quadrupole LC/MS/MS. Agilent
ChemStation software was used for data acquisition. SB-C18 (HT 2.1x50 mm, 1.8 um) column was used for
analysis.
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2.2.3. LC/MS/MS analysis:

To determine the amount of melatonin and serotonin found in plants, the LC/MS/MS instrument is used in
many studies (Boccalandro et. al. 2011, Rodriguez-Naranjo et. al. 2011, Stiirtz M. et. al. 2011, Cao et. al.
2006). First, we compared these methods for the analysis of melatonin and serotonin and decided that the
analysis method reported by Cao et al. (2006) was the most appropriate method for the LC/MS/MS
instrument used for our study, and hence, we adopted this method.

3. RESULTS AND DISCUSSION

Melatonin and serotonin content of different varieties of sour cherry fruits are given in Table 1. According to
the findings, the concentration of melatonin in sour cherry fruit samples, except Macar and Kiitahya
varieties, were between 0.14 and 13.8 ng/mL. No melatonin was detected in Macar and Kiitahya varieties.
Montmorency cherries contained the highest melatonin level (13.80 ng/mL). As seen in Table 1, the
serotonin content of sour cherry fruit samples was between 1.17 and 2.13 ng/mL. Kiitahya cherries
contained the highest melatonin level (2.13 ng/mL).

According to the study of Burkhardt et al. (2001), the melatonin concentrations in Balaton tart cherries (2.06
ng/g) were six times lower than in Montmorency cherries. In addition, the highest levels (13.46 ng/g) were
detected in the Montmorency variety. In the study by Kirakosyan et al. (2009), melatonin appears to be low
in tart cherries, as compared to previously reported results by Burkhardt and co-workers (2001). In addition,
Montmorency tart cherry contained about four times higher amounts of melatonin, as compared to the
amounts found in Balaton tart cherries (Kirakosyan et. al 2009).

The study by Feldman and Lee (1985) reported that cherries had a low (<0.1 pg/g) serotonin concentration.

Melatonin and serotonin content of sour cherry juices that were obtained by different pressing methods (cold
and hot pressing) with and without vitamin C supplement are given in Table 2.

As seen in Table 2, there were no differences between the amount of melatonin and serotonin in sour cherry
juices obtained by cold and hot pressing and with/without vitamin C supplement. According to the findings,
melatonin was also not detected in pressed juices obtained by cold and hot pressing, and the amount of
serotonin was not affected by the pressing methods. In addition, a supplement of vitamin C in juices did not
affect the melatonin and serotonin content of the samples.

The melatonin and serotonin amount of sour cherry juice concentrate samples that were processed
industrially is given in Table 3.

According to the findings, the serotonin content of concentrate samples ranged between 1.07 and 1.38
ng/mL and no melatonin was detected in the concentrate samples. Similarly, Kirakosyan et al. (2009) also
could not detect melatonin in concentrated samples, and their explanation for this observation is that
melatonin is very unstable and may be degraded in these samples after processing and storage.
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Table 1. Content of melatonin and serotonin in different varieties of sour cherry fruits. Values
presented are mean + SD (n=3).

Sour Cherry Melatonin Serotonin
Variety (ng/mL) (ng/mL)
Oblacinska 0.14+0.040 1.32+0.046
Rubin 3.56+0.344 1.17£0.066
1350 3.35+0.312 1.18+0.053
1353 3.68+0.475 1.18+0.017
1408 5.39+0.128 1.30+0.044
Early Richmond 0.70£0.020 1.29+0.017
Montmorency 13.80+0.345 1.17£0.044
Macar - 1.25+£0.036
Kiitahya - 2.13+£0.027

Table 2. Melatonin and serotonin content of sour cherry juices obtained by cold and hot pressing and
with/without vitamin C supplement. Values presented are mean + SD (n=3).

Pressing Vitamin C Melatonin Serotonin
Supplement (mg/kg) (ng/mL) (ng/mL)
Cold pres - - 1.08+0.044
Cold pres 400 - 1.08+0.027
Hot press - - 1.16+0.027
Hot press 400 - 1.05+0.027

*Before pressing samples were heated 90 °C.

Table 3. Melatonin and serotonin content in sour cherry juice concentrates supplied from market.
Values presented are mean = SD (n=3).

Sour Cherry Concentrates Melatonin (ng/mL) Serotonin (ng/mL)
A2010 - 1.24+0.046
A2011 - 1.28+0.044
B2010 - 1.33+0.035
B2011 - 1.38+0.035
C2010 - 1.08+0.049
C2011 - 1.07+0.046

4. CONCLUSION

A melatonin dose of 1.0-1.5 ng/g is sufficient to raise daytime blood melatonin levels to high values
normally seen at night in humans (Vakkuri et al. 1985). In addition, for industrial purposes, it will be
important to know the distribution of melatonin and serotonin for the preparation of natural dietary
supplements. On the basis of the current research, sour cherries, which contain substantial amounts of
melatonin and serotonin, may have a great number of health benefits and should be an important part of a
healthy diet.
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The purpose of this research was to determine the presence of melatonin and serotonin in the main sour
cherry varieties grown in Turkey and the commercially produced sour cherry juice concentrates. This
research is important to understand the importance of sour cherry in diet, the proper selection of appropriate
raw materials for sour cherry juice production, improvement of the process and the development of a quality
and healthy diet.
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