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This study aimed to determine the L-DOPA content in the flowers of some different faba bean
genotypes and determine the L-DOPA levels in tea prepared from flowers. The experiment was
carried out under the ecological conditions in Samsun by the Black Sea with 15 genotypes using a
randomized complete block design in three replications. The flowers were harvested three times and
the number of flowers and flower yields were determined. The L-DOPA content of the flower and
flower tea were determined using HPLC. Different solvents were used to extract the L-DOPA from
the faba bean flowers. As a result of the HPLC analyses, the highest L-DOPA yield was determined
to be in the tea samples brewed with hot water. It was found statistical differences between genotypes
in the second and third harvests for the number of flowers in the plant and the total number of flowers.
Dry flower yields ranged from 11.33 to 37.78 kg da* while L-DOPA levels were 6.2 t0 9.17 g 100g™*
in dry flowers and 6.69 to 9.23 g 100g* in infused tea. The study concluded that flower tea of faba
bean can be investigate for medicinal purposes and that L-DOPA in the plant can be extracted by
brewing without requiring any solvent. This shows that L-DOPA is in a salt form within the plant.
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Baklagillerde (Vicia faba L.) Cicekler ve Bakla Fasulyesi Cicek Cayinda L-DOPA
(L-3, 4-Dihidroksifenilalanin) I¢eriginin Belirlenmesi
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Bu caligma, farkli bakla genotiplerinin ¢igeklerinde ne kadar L-DOPA bulundugu ve bu ¢i¢eklerden
cay yapildiginda L-DOPA’nin ¢aya gecip gegmedigini belirlemek amaciyla yiiriitiilmiistiir. Deneme
Samsun ekolojik sartlarinda 15 genotip kullanilarak 3 tekrarlamali tesadiif bloklar1 deneme deseninde
yiritilmistiir. Bitkilerde 3 kez ¢icek hasadi yapilip ¢igek sayisi, ¢icek verimleri belirlenmistir.
Cicekte ve cicekten yapilan ¢ayda L-DOPA miktar1 HPLC ile tespit edilmistir. Bakla ¢iceklerinden
L-DOPA ekstraksiyonu icin fakli coziiciiler kullanilmig ve HPLC cihaziyla yapilan miktar
analizlerinde bakla ¢igeklerinden kaynamis sicak su ile ¢ay hazirlandiginda L-DOPA veriminin en
yiiksek sicak su ile demlenen ekstraktlarda oldugu belirlenmistir. Yapilan varyans analizi sonucu
ikinci ve liglincii hasatlardaki bitkide ¢icek sayisi ile toplam ¢igek sayisinin genotiplerde istatistiki
olarak farklilik gosterdigi diger incelenen dzellikler arasinda istatistiki fark olmadig tespit edilmistir.
Deneme ortalamasi olarak kuru gigek verimlerinin 11,33-37,78 kg da™, kuru ciceklerde 6,2-9,17,
demlenerek elde edilen gigek cayinda 6,69-9,23 g 100g? L-DOPA oldugu tespit edilmistir. Bu
calismada, bakla ¢icek caymnin tibbi amagla degerlendrilebilecegi ve bitkideki L-DOPA’nin herhangi
bir ¢oziicii gerektirmeden kaynar su ile demleme yapilarak ekstrakte edilebilecegi sonucuna
varilmistir. Bu durum L-DOPA’nin bitkide tuz formunda oldugunu da gostermektedir.
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Introduction

Legumes are used for medicinal purposes due to their
high antioxidant activity and polyphenol content as well as
being a source of protein (Vioque et al., 2012). The faba bean
has the strongest growth properties and nitrogen fixing
capacity among edible legumes (Akgin, 1988). Therefore,
especially in temperate climates, it can be grown in winter
and yield fruit in early spring, which leaves enough time for
another crop to grow. Sepetoglu (1994) stated that the
widely cultivated faba bean varieties have strong apical
dominance and indeterminate growth habits; therefore, the
plant has a very high flowering potential. Topal (2005), in a
two-year study carried out in Samsun, reported that the
average number of flowers per plant in the first year was
23.54, in the second year it was 49.61 and he stated that 9.08
to 31.48% of the flowers were capable of setting pods. These
data show that although the plant blooms in large numbers,
most of it is shed, that is, a large part of the plant’s energy is
lost.

The faba bean is rich in proteins, complex carbohydrates,
dietary fiber, choline, lecithin, minerals and secondary
metabolites (Mohseni and Golshani, 2013; Etemadi et al.,
2015). The faba bean accumulates a large amount of L-
DOPA, a precursor to dopamine that is currently used in
treating Parkinson’s disease (PD). More than 30 years after
its development, L-DOPA is still the most effective,
multifunctional prodrug for treatment of the symptoms of
Parkinson’s disease. Although several therapies have been
developed in an attempt to improve PD management, most
patients still depend on levodopa alone because of its
superior ability to control the symptoms of PD (Lewitt and
Nyholm, 2004; Aurizio et al., 2011). L-DOPA is synthesized
from the amino acid L-tyrosine in the mammalian body and
brain (Randhir and Shetty 2004). Synthesized L-DOPA is
expensive and often causes a variety of side effects including
nausea, vomiting, low blood pressure, drowsiness and
restlessness (Patil et al., 2013). For this reason, the use of
natural sources of L-DOPA to avert potential side effects has
been recommended (Etemadi et al., 2018). Hu et al. (2015)
declared that the average L-DOPA concentration, based on
dry weight (DW) in flowers, ranged from 27.8 to 63.5 mg g
1. The study found a variation of L-DOPA concentration
from 18.2 to 48.7 mg g* in the leaf tissues of six faba bean
lines with common and rare flower colors to provide the
necessary information for people who want to use faba beans
as a natural remedy or functional food to relieve PD
symptoms. Also, they stated that faba beans have the
potential to be developed as a functional food crop for PD
patients. Consumption of young pods and leaves is the most
practical means for direct intake or processing of L-DOPA
from the faba bean plant. In Turkey, the most common use
of faba bean for PD is fresh fruit. Topal and Bozoglu (2016)
conducted a study to determine the L-DOPA content of leaf,
flower and fresh fruits of faba bean genotypes in Samsun and
found that the average L-DOPA content to be 19.36, 75.87
and 25.27mgkg? in the leaves, flowers and fruits,
respectively. Consequently, the content of L-DOPA in the
flower was higher than that in the leaf and the fruit. Based
on this information, this study was carried out to determine
whether the flowers in faba bean plants capable of forming
a large number of flowers— can be used for their high L-
DOPA content.

Materials and Methods

The trial was carried out in Samsun province located on
the Black Sea coast of Turkey. The trial area was
determined to be clayly with a neutral pH (6.887), salt-free
(EC = 0.523dS m™), with moderate organic matter
(2.681%) and a rich phosphorus content (64.333 ppm P). A
humid and temperate climate is dominant in Samsun. The
average rainfall during the plant growing period was
537mm and 613 mm in the period when the trial was
carried out. It was in line with the long-term period average
over the remaining months the experiment was conducted.

A total of 15 genotypes, including 3 registered varieties
(Lara, Seher and Eresen-87) and 12 lines were used in the
experiment. While Lara and Seher, which were selected as
the control groups, are the varieties used for fresh
consumption, Eresen-87 is used for dry seed. The
experiment was conducted using the randomized
completely blocks desing with three replications over the
2016 to 2017 growing season. Sowing was carried out on
21 November with 50x10 cm plant density. The
experiment was carried out under non-fertilized conditions.
The flowers were harvested three times (20 April, 27 April
and 5 May) at one-week intervals from marked plants on
each plot to detrermine the yield flower of a plant at each
harvest, the number of flowers was determined, then
weighed and dried to calculate the total number of flowers
per plant, and the weight and dry flower yield per decare.

L-DOPA analyses of the dry flower samples were
performed according to Etemadi et al. (2018) using high-
performance liquid chromatography (HPLC) with 0.1 N of
HCI as the solvent. The method was modified for the tea
samples made from flowers. Accordingly, 100 mg of dried,
faba bean flowers was added into 50 ml volumetric flasks,
and freshly boiled deionized water was added and the
mixture was then brewed for close to 15 minutes to obtain
the flower tea. The chromatographic conditions (Agilent
1260 HPLC device with an ACE 150x4.6 mm 155-micron
C18 column, a UV detector, a 283 nm detector wavelength,
1 ml of acetic acid, 20 ml of methanol and 979 ml of
deionized water mixture mobile phase and a 1 ml min?
flow rate) were used for both sample groups. To calculate
the amount of L-DOPA in the samples, a 1000 ppm L-
DOPA standard stock solution was prepared and the
standard solution doses were diluted to concentrations of
100, 200, 300, 400, 500ppm. The five different
concentrations of standard solution were then injected into
the HPLC device and the peak areas (Figure 1) were plotted
against concentration to form a calibration table. Analysis
of variance was performed using SPSS-21 software and
DUNCAN’s multiple comparison test was used to compare
the means accordingly (P<0.05).

Results and Discussion

The number of Flowers and Yield

The faba bean showed unlimited growth properties and
can bloom with a large number of flowers, or has a high
potential to bloom (Sepetoglu, 1994). It has been reported
that 62 to 80% of the flower blooms and 67 to 88% were
shed failed to bloom after pollination under the changing
environmental conditions (Bozoglu, 2005). The flower
observations obtained from three different harvests are given
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in Table 1. The average for the experiment was determined
to be 62.56 flowers per plant. In a study conducted in the
same location, the number of flowers per plant was reported
to vary between 9 and 279 (Topal and Bozoglu2006). This
difference may be due to the differences in the genotype and
climatic data of the years in which the experiments were
conducted. In the present study, a statistically significant
difference (P<0.01) was found between genotypes in terms
of the total number of flowers (Table 1). The G12 genotype,
which has the highest number of flowers (121 flowers) was
statistically different to all other genotypes except for the Gg
genotype. There was no statistical difference between
genotypes in terms of flower weights over the three harvests.
The first flower harvest was carried out on 20 April, and the
average number of flowers per plant ranged from 16.47 to
47.11. The genotype G2 had the highest number of flowers.
The same genotype gave the highest number of flowers in
the other harvests.

The number of flowers in the second harvest ranged from
9.2 t0 27.8. The G12 genotype yielded the highest number of
flowers in the second harvest while one of the control
varieties Eresen-87 was in the same group with G and Ggs.
In the third harvest, the number of flowers in the different
genotypes varied between 7 and 46, and this change was
statistically significant.

Examining the ratio of harvests to the total number of
flowers, it was seen that the first harvest contributed 39%,
the second harvest contributed 24% and the last harvest
contributed 38%; however, these ratios changed according
to the genotypes in each harvest (Figure 1). The Seher
variety, produced 64% of the total flowers while the Lara
variety produced 41% of the flowers in the first harvest
(Figure 1). G1s and Gg genotypes achieved the highest rates
in the last harvest. This change also provided us with
information about how early or late the plants bloomed.
While early yield varieties gave more flowers in the first
harvest, the number of flowers increased in the last harvest
for the late yield varieties. In this study, flowers were
collected at one-week intervals. The average for the
experiment, dry matter values for the collected flowers were
deterimened 13%, it was determined that this ratio did not
change statistically across genotypes.

As a result of variance analysis, no statistically
significant difference was found between genotypes in terms
of dry flower weight (Table 2). The dry flower weights of
the genotypes per decare ranged from 14.00 to 27.11 kg.

Climatic ~ requirements and  soil  reclemation
characteristics make the plant one of the most indispensable
crops to plant in temperate climate regions. Therefore, it is
an important plant for the farmer due to its improvement of
the soil and to take part in crop rotation. It is also an
important plant in terms of health and nutrition. Nowadays,
consumer food demand is affected not just by taste but by
the health benefits of the food. Faba beans, as well as being
arich source of protein, is a product whose potential demand
may increase due to the L-DOPA it contains.

L-DOPA value

PD is the second most common neurodegenerative
disorder characterized by the loss of muscle control (Hu et
al., 2015). L-DOPA is a non-protein compound with a strong
allelopathic effect, which attracts attention due to its

inhibitory effect on PD and is found in Mucuna pruriens and
faba beans (Soares et al., 2014). Mucuna is not grown in
Turkey. The faba bean originates from the region that
includes Anatolia and is an important L-DOPA source
(Topal and Bozoglu, 2016). Lattanzio et al. (1983) reported
that L-DOPA was found in faba beans with 1.4 to 4.9% in
the leaves and 4% in the pod. In Turkey, the most common
form of consumption of faba beans for use in traditional
medicine for PD is through the consumption of fresh fruits.
In a study conducted in Samsun, the L-DOPA content was
found to be 19.36, 75.87 and 25.27mgkg? in leaves,
flowers and fruits, respectively, with the highest value
detected in the flowers (Topal and Bozoglu, 2016). The
flowering time and the number of flowers of the plant show
additive heritability (Kitiki and Demir, 1984) and can bloom
in large numbers; however, they shed most of their yield
with a significant loss of energy. This led us to the idea that
flowers can be used differently, such as in making tea.

In this study, the L-DOPA content was determined in
the flowers and tea made from the flowers. The amount of
L-DOPA in the genotypes used, ranged from 6.85 to 8.38 g
per 100 g (Table 2). As a result of variance analysis, no
statistically significant difference was found between
genotypes in terms of the L-DOPA value. However, the
highest L-DOPA Lara variety was observed in the
DUNCAN grouping and it was found to differ from the G,
and Gss lines (P<0.05). Pugalenthi et al. (2005) reported L-
DOPA at 1% in leaves Lattonzia et al. (1983) founded 4%.
Teixeira et al. (2003) reported that 0.2 to 0.5% of the dry
matter was L-DOPA. Etemadi et al. (2018) declared that
the highest L-DOPA content was detected in fresh leaves
(22.4 mg g 1) followed by the flowers, young pods, mature
seeds and roots. The L-DOPA concentration in faba bean
tissues was significantly reduced when the tissues were
boiled or dried. Some different results have been
encountered in published literature. It is thought that these
differences were due to the differences between the
genotypes used, the environment in which the plants were
grown and especially in the detection method.

Capo-Chichi et al. (2003) determined the effect of
environmental conditions on the L-DOPA on the Mucuna.
Among various methods of processing, freezing had the
least detrimental effect. Hu et al. (2015) declared that
ideally, the genotype with the highest average L-DOPA
concentration in both flowers and leaves could be grown as
a natural source of this medicinally important amino acid.
When developing faba beans as a functional food crop for
PD patients, a careful selection of genotype seems necessary
to exploit the full potential of this natural remedy.

The flowers of many plants in Turkey are used as tea
for various reasons. Due to the ability of the faba bean to
produce a large number of flowers, for the first time in
Turkey it was investigated in the form of tea, based on the
hypotheses that the flowers can be brewed into a drink. In
the preliminary experiments to determine L-DOPA levels
in tea, the highest yield was obtained with boiled water as
a solvent for extraction. Therefore, boiling water was used
for the L-DOPA analysis in tea. The average L-DOPA
value in the infused flower tea was found to be
8.04g100 g™ As a result of the analysis of variance
between the genotypes, there were no differences in L-
DOPA (Table 2).
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Table 1. Mean of flowers harvest observation at the faba bean genotypes

Flowers Properties /per plant
Genotype First Harvest Second harvest Third harvest
Number of  Dry weight of Number of Dry weight of Number of Dry weight of
flower flowers (@) flower** flowers (g) flower* flowers (g)
Eresen-87 25.44P 7.03 19.443bc 1.26 26.77°%¢ 3.69
G2 22.78° 5.48 17.77%4 1.22 31.88%® 4.18
Gs 27.89° 3.68 10.66% 2.65 34.33® 6.50
Gy 18.11° 3.53 12.22% 1.76 22.44¢ 3.11
Gs 17.66° 7.11 9.33« 1.96 13.55% 3.15
Gs 21.89° 5.00 14.00° 2.64 14.33% 2.60
Seher 29.44P 4.80 7.45¢ 2.18 12.33%¢ 4.94
Gs 19.33° 5.12 9.21 1.10 33.77® 5.36
Go 24.32° 5.56 16.66° 2.75 32.87% 5.13
Gio 21.32° 5.03 15.32bcd 2.97 24.78%¢ 2.28
Lara 16.22° 441 15,750 1.54 7.55¢ 3.64
G 47.112 4.50 27.77% 2.30 46.00? 5.85
Gis 27.44c¢% 6.13 11.97« 2.52 17.54%¢ 4.32
Gia 19.11°¢ 3.53 11.00% 3.12 25.443b¢ 4.47
Gis 24.10% 3.90 24.65% 3.52 20.43b 4.61
Mean 24.14 5.07 14.88 2.14 24.27 4.19
Genotype Total number of flowers** Total weight of flowers (g plant™)
Eresen-87 71.66 ab 11.99
G2 72.66 ab 10.88
Gs 71.00 ab 12.83
Gs 56.66 b 8.40
Gs 41.00b 12.22
Gs 50.33b 10.22
Seher 46.00 b 11.90
Gs 62.33 b 11.57
Go 73.66 ab 13.44
Guo 61.33 b 10.27
Lara 39.33b 9.60
G 121.00 a 12.64
Gi3 57.00 b 13.00
Gua 50.33 b 11.12
Gis 64.00 b 12.01
Mean 62.56 11.41

*and ** P<0.05 and P<0.01, respectively

Table 2. Mean of some flower properties of faba bean genotypes *P<0.05.

Genotype Ratio of dry matter in flower  Yield of dry flower L-DOPA in flower L-DOPA in flower tea
(%) (kg -da) (9100 gY) (9100 g%
Eresen-87 12.64 19.70 8.213bc 7.82%®
G2 13.41 19.85 7.31b¢ 8.00%
Gs 19.06 27.11 7.76%¢ 8.562
Gs 11.47 16.29 7.86%¢ 8.16%
Gs 14.69 17.92 7.813%¢ 8.27%®
Gs 13.00 20.88 7.843¢ 8.20%®
Seher 15.45 18.81 7.543¢ 8.11®
Gs 13.08 20.22 8.058b¢ 8.33®
G 12.19 22.00 8.023bc 8.42%®
Gio 13.50 23.85 7.443¢ 7.65%®
Lara 15.17 14.00 8.38? 8.25%
G2 13.71 23.48 7.77%¢ 7.73%®
Gi3 13.53 19.22 7.813¢ 7.41°
Gus 11.59 21.33 7.56%¢ 7.38°
Gis 13.94 21.48 6.85¢ 8.34%
Mean 13.80 20.40 7.74 8.04
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Figure 2. Ratio of flower numbers of faba bean genotypes on the different harvest time

According to DUNCAN’s multiple comparison test
using a 5% probability, Gs (Samsun-Merkez) produced the
highest value and was included in the same statistical group
as the other lines, except for the Giz and Gig lines that
originated from ICARDA (Table 2). This showed that
these were promising for our future studies.

To increase the consumption of a product, it is
necessary to increase their important nutritional and health
quality properties. The faba bean is a good example of this.
All over the world, the incidence of PD increases with age,
while the demand for healthier treatment methods
increases as knowledge increases. Faba beans are among
the plants with a high potential for use as a functional food
in the treatment of PD. Turkey is a very rich country in
terms of traditional medicinal plants and their use in
medicine; however, there are not enough studies on L-
DOPA. This study will help to close this gap.

In this study carried out with 15 faba bean genotypes,
L-DOPA was investigated only in the flowers and in herbal
tea produced from the flowers. The average number of
flowers per plant was 62.56 after 3 harvests and the total
number of flowers per plant in the genotypes ranged from
33.3 to 121 in these genotypes (Figure 2). Taking the
number of pods into consideration, it was found that the
pod setting ratio varied between 13.71 to 36.06% in the
genotypes and the rest of the flowers were shed.

Dried flower yield per decare was determined to be
20.4 kg by the average for the experiment. The Ggs line
collected from Samsun was the most productive genotype
in terms of flower yield. This data will increase in
importance when flowers with a L-DOPA content are used
for health reasons. The L-DOPA content, which constitutes
the most striking side of the present study, was determined
to be an average of 7.74 g per 100 g of dry flower in the
experiment. Calculated from the average dry flower yield,
the L-DOPA vyield per decare was approximately 1.6 kg.
These results were higher than some of the results in
published literature and lower than others. We believe that
these differences occurred according to the ecological
conditions in which the plant was grown and the chemical
analysis method adopted. The climatic data of the year in
which the experiment was conducted did not show much

difference compared to the long-term average for the
region and did not become a factor that would cause stress
in the growing plant.

Turkey has a rich herbal biological diversity, and the
traditional use of these herbs are quite common. One of
these involves the use of different parts of different plants,
especially flowers, as tea. The presence of L-DOPA in faba
bean flowers and the herbal tea culture in Turkey helped
create the hypothesis that faba bean flowers can be brewed,
and it was found that faba bean flower tea contained L-
DOPA. The average L-DOPA value in the infused flower
tea was found to be 8.04 g 100 g X. An important result of
this study was that L-DOPA can be extracted by brewing
with boiling water and did not require any solvent. L-
DOPA is in salt form in the plant and it can be measured
directly without the use of any chemical solutions. The fact
that the results obtained from tea and from dried flower
samples were close to each other proved this result. In
coastal regions in Turkey, the faba bean can be easily
cultivated during winter and it can be cultivated in early
spring in other parts of the country. The public should be
informed more widely that the faba bean is an important
source of L-DOPA, that their flowers can be used as a tea
and are effective in the treatment against Parkinson’s.
Future studies should focus on determining the L-DOPA
contents in teas obtained from faba bean flowers harvested
over the same growth period, with different dry matter
contents and with different brewing times. Furthermore,
animal studies should be conducted focusing on the
treatment of the disease.
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