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This study represents results of determination of total phenolic compounds in raw of two species of 
Galega L. It was investigated plant extracts of Galega officinalis L. (goat’s-rue) and Galega orientalis Lam. 
(fodder galega) which are known as fodder crops with high productivity of green mass and medicine 
plants (Hasani-Ranjbar et al., 2009; Peiretti, 2009; Shojaee et al., 2015; Teleută et al., 2015). The 
current study was aimed to evaluate an accumulation in selected plants the total content of phenolics 
as compounds with antioxidant activity. Raw of investigated plants collected from experimental 
collections of M.M. Gryshko National Botanical Garden of the NAS of Ukraine (Kyiv) during vegetation. 
Biochemical analysis conducted in the Slovak University of Agriculture in Nitra. The phenolic content 
in ethanol extracts was measured using Folin-Chocalteu reagent. The procedure for preparing extracts 
was done according to Singleton and Rossi, 1965 and measuring conducted using spectrophotometer 
Jenway (6405 UV/Vis, England). Gallic acid was used as the standard and the results were expressed 
in mg g-1 gallic acid equivalent (GAE). Study of G. officinalis extracts showed that accumulation of total 
phenolic content in different organs was in the range from 9.13 to 32.76 mg g-1 GAE. In extracts of 
G. orientalis was identified total phenolics content from 6.73 to 26.77 mg g-1 GAE. It was established that 
less concentration of studied compounds found in the stems for both species. 
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Introduction
Leguminous plants (Fabaceae Lindl.) are a perspective group of crops, which ecological and 
economic function is important in agriculture. It is one of the most important plant families 
in the production of food for humans and livestock, as well as in the production of industrial 
products. These crops have provided interesting as forage grasses with high productivity and 
play an important role as N fixators (Peiretti, 2009; Teleută et al., 2015). Plants from Fabaceae 
family are of interest in relation to biologically active compounds, especially individual, in 
different organs (Danilčenko et al., 2017). 
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Among economically important leguminous plants can be highlight goat’s rue (Galega 
officinalis L.) and fodder galega (Galega orientalis Lam.). Plants of species of Galega L. are 
valuable perennial and productive crops with the protein-rich chemical composition of 
plant raw material (Baležentienė, 2008). Results obtained by Peiretti (2009) showed that 
G. officinalis has the potential for large-scale ensiling if plants are harvested at the budding 
stage or during regrowth. These species cultivated as medicinal plants due to the biochemical 
composition of plant raw material and as garden plants (Baležentienė and Spruogis, 2011; 
Kumar et al., 2012). As described in some reports, G. officinalis uses in traditional phytotherapy 
due to hypoglycemic, diuretic properties, and weight-reducing ability (Hasani-Ranjbar et 
al., 2009; Shojaee et al., 2015). Biochemical composition of Galega species is ascorbic acid, 
carotene, soluble sugars, lipids, protein, ash, alkaloids, macroelements, etc. (Symanowicz 
and Kalembasa, 2012; Vergun et al., 2012; Shymanska et al., 2017). Also, the phytochemicals 
screening revealed that in aqueous, methanolic, ethanolic and acetone extracts were found 
flavonoids, tannins, cardiac glycosides, terpenes and steroids. Methanolic extracts of goat’s 
rue significantly improved the lipid profile in a clinical study (Luka et al., 2017).

The aim of this study was to determine the content of polyphenol compounds in different 
organs of G. officinalis and G. orientalis during vegetation in the conditions of M.M. Gryshko 
National Botanical Garden of the NAS of Ukraine (NBG). 

Material and methodology
The plants were grown in 2017 in the experimental fields of the M.M. Gryshko National 
Botanical Garden of the NAS of Ukraine in the Kyiv city (50° 24ʹ 55ʺ N, 30° 33ʹ 45ʺ E). The total 
area of the experimental field for each species was 25 m2. For this study, the average weight of 
ten plants selected by randomized method was used. In 2017, the active plant growth started 
on 21th of March for G. officinalis and the 5th of April for G. orientalis. Plant growth was ended 
in November for both species of investigated plants. Many years observations showed that the 
end of vegetation depends on early frosts. Monthly average temperatures in the vegetation 
period of year of study were following: March – +3.9 °C, April – +10.7 °C, May – +16.2 °C, 
June – +19.1 °C, July – +21.2 °C, August – +21.2 °C, September – +15.8 °C, October – +6.9 °C, 
November – +2.6 °C. 

Biological material
Observation on plants was conducted in the experimental collection of Cultural Flora 
Department of NBG. Plant raw material of two species Galega officinalis and G. orientalis 
were collected in the stages according to Biologische Bundesanstalt, Bundessortenamt and 
Chemische Industrie (BBCH) coding system. According to BBCH scale, plant samples were 
taken at the phenological growth stages described for faba bean (Vicia faba L.) (Meier, 2001). 
Four principal growth stages were assigned: leaf development (19 – nine or more leaves 
infolded), inflorescence emergence (50 – flower buds present, still enclosed by leaves), 
flowering (65 – full flowering: flowers open on 5 racemes per plant), and ripening (80 – 
beginning of ripening: seed green, filling pod cavity). For chemical analyses plant raw material 
was dried at 35 °C for three days. After this, the samples were milled in the powder condition. 
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Biochemical analysis
The biochemical analysis was done in the Slovak University of Agriculture in Nitra (Slovak 
Republic). For planned analyses, 0.2 g of milling fraction was extracted with 20 ml of 80% 
ethanol for 24 hours. After centrifugation at 4000 g with Rotofix 32 A (Hettich, Germany) 
for 20 min, the supernatant was used for measurement of the total content of polyphenols. 
The total phenolic content of extracts was measured using Folin-Chocalteu reagent (Singleton, 
Rossi, 1965). 0.1 ml of each sample was mixed with 0.1 ml of the Folin-Ciocalteu reagent, 1 ml 
of 20% (w/v) sodium carbonate, and 8.8 ml of distilled water. After 30 min. in darkness the 
absorbance at 700 nm was measured using the spectrophotometer Jenway (6405 UV/Vis, 
England). Gallic acid was used as the standard and the results were expressed in mg g-1 gallic 
acid equivalents (GAE) (25–300 mg l-1; R2 = 0.998). 

Statistical analysis
The statistically treated data are given in the table as the arithmetical mean values and their 
standard errors. Data were submitted ANOVA and differences between means compared 
through the Tukey-Kramer test (α = 0.05).

Results and discussion
The therapeutic potential of natural medicinal plants as antioxidants in reducing free 
radicals suggests that most of the plants have a high antioxidant potential, which can be 
useful therapeutically (Veeru et al., 2009). Plant secondary metabolites such as polyphenol 
compounds play an important role in the defence against free radicals. Polyphenols exhibit 
a wide range of biological effects including antibacterial, anti-inflammatory, hepatoprotective, 
antiviral, anticancerogenic etc. (Soobratee et al., 2005; Piluzza and Bullitta, 2011). Numerous 
studies described the good or high linear correlation between the concentration of phenolic 
compounds and antioxidant capacity determined by the DPPH-method (Mareček et al., 2016; 
Ivanišova et al., 2017). This suggests that phenolic content could be used as an indicator of 
antioxidant properties of the plants (Piluzza and Bullitta, 2011). 

Polyphenols can form several hydrogen bonds and even ionic bonds with most proteins. 
They modulate the activity of many proteins, involving enzymes, ion channels etc. As 
a consequence many polyphenols are pharmacologically active, being among antioxidants, 
anti-inflammatory, antibacterial, antifungal, and antiviral (Wink, 2013). The previous study of 
G. officinalis extracts showed the presence of phenolics as flavonol triglycosides, kaempferol, 
galegin, medicagol, quercetin etc. (Kahkeshani et al., 2015). 

The content of phenolic compounds in different parts of G. officinalis parts ranged from 
9.13 to 32.76 mg g-1 GAE (Table 1). It should be noticed, that most of the results about the 
content of phenolic compounds concern to the G. officinalis plants. According to Tusevski et al. 
(2014), total phenolic content for plants of G. officinalis was 32.53 ±2.80 mg g-1 GAE. Pehlivan 
Karakas et al. (2016) obtained twenty phenolics compounds from methanol leaves extracts of 
G. officinalis. Total phenolic content in them was 36.69 mg g-1 of dry extract. 
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Table 1 The content of total phenolic compounds in plant raw material of Galega officinalis L. and 
G. orientalis Lam., mg g-1 GAE

Stage of growing Organ of plan Galega officinalis L. Galega orientalis Lam.

Leaf development aerial part 17.06 ±0.89 b 19.96 ±0.62 ab

Inflorescence emergence leaves 19.50 ±1.14 b 25.21 ±0.17 a

stems 9.61 ±1.45 b 8.09 ±0.44 d

buds 31.51 ±1.11 a 23.43 ±1.53 a

Flowering leaves 22.58 ±0.67 b 15.43 ±0.28 c

stems 9.13 ±0.30 d 6.73 ±0.23 e

flowers 32.76 ±1.26 a 19.58 ±0.85 ab

Ripening leaves 18.61 ±0.95 b 26.77 ±0.51 a

stems 15.28 ±0.67 c 10.87 ±0.99 d 

fruits 19.61 ±1.33 b 13.58 ±0.62 c
Notes: Means in columns followed by different letters are different at p = 0.05; each value represents the mean of three 
independent experiments (±SD)

The total content of phenolics of G. orientalis plant raw material ranged from 6.73 to 
26.77 mg g-1 GAE during vegetation. According to Baležentienė (2009) report, the highest 
total content of phenols was determined at the budding stage which was characterized as 
the most intensive growth period of the plant shoot. Moreover, the study of Kahkeshani et 
al. (2015) demonstrated that mixture of G. officinalis and Nigella sativa L. (4 : 1 w/w) had 
shown milk stimulating activity and the total phenol content 77.72 µg mg-1 GAE. Also, we 
detected in the previous study the total antioxidant activity of methanol, ethanol and 
water extracts (Shymanska et al., 2018). According to obtained data, antiradical activity of 
G. officinalis and G. orientalis plant extracts was minimal in stems for both species (11.24 
and 11.74% respectively). Likewise, high antiradical activity was identified in methanol and 
ethanol extracts of generative organs (up to 90%). These data consistent with the obtained 
results as interrelated. Further research should be focused on the study of more species of the 
investigated genus and detailed investigation of their polyphenol compounds. 

Conclusions
Thus, in conditions of M.M. Gryshko National Botanical Garden of the NAS of Ukraine, plants 
of Galega officinalis and G. orientalis accumulated uneven quantity of phenolic compounds 
during vegetation. Comparing the analysis of two investigated species showed that the 
most content of total phenolics was determined in the G. officinalis flowers extracts in the 
stage of flowering and the least – in the stems extracts of G. orientalis. Both G. officinalis and 
G. orientalis accumulated the least content of phenolic compounds in stems. Generative organs 
of G. officinalis had higher total content of phenolics than vegetative. 
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