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INTRODUCTION

Snowdrop is among the most significant species of the Amaryllidaceae family 
(Semerdjieva et al., 2019). The species in the Amaryllidaceae family contain up 
to 150 alkaloids called Amaryllidaceae alkaloids such as nivalin, galantamine, 
tazettin, and lychorenin, which have high biological activities, and according 
to their structures, they also have anticancer (Ay et al., 2023), anti-inflammatory 
(Kang et al., 2012), anti-diabetic (Ghane et al., 2018), and anti-bacterial, anti-
malarial, acetylcholinesterase and butyrylcholinesterase inhibition (Pesaresi et 
al., 2022; Ay et al., 2023) effects. The active agents of snowdrop species, minimize 
the damage they cause to the body by blocking free radicals and have antioxidant 
effects that prevent chain reactions that lead to premature aging as well as 
many diseases. Natural antioxidants that are common in plants are phenolic 
compounds, nitrogen compounds, polyphenols, carotenoids, ascorbic acid, and 
selenium (Fernandez-Lopez et al., 2020).  The antioxidant activity of phenolic 
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compounds was investigated by many researchers and 
the structural characteristics of flavonoids, which are 
among the compounds providing antioxidant activity, 
were identified (Deveci et al., 2018). Flavonoids are 
phenolic compounds among the most common groups 
of secondary metabolites in various food and medicinal 
plants. 

Factors that cause stress in the medicinal plant may 
be of living origin such as disease-causing agents and 
pests, or may also be of inanimate origin such as salinity, 
drought, low and high temperatures, radiation, and 
deficiencies or excesses of nutrients (Taiz and Zeiger, 
2010). The deficiency or excess of a nutrient element may 
have positive or negative effects on the availability and 
toxicity of another nutrient element to the plant, which 
may create a stress effect in terms of plant development. 
The effects of increasing doses of macronutrients on 
plant growth in some medicinal and aromatic plants 
and especially on secondary metabolites have recently 
become increasingly important.  P is an essential 
macronutrient that plays a role in many physiological 
processes such as cell division nucleic acid synthesis, , 
membrane stability, respiration, enzymatic activities, 
photosynthesis and development in plants (Orme˜no 
and Fernandez, 2012; Abbas et al., 2018; Kalayu, 2019).

Although the medicinal value of the Amaryllidaceae 
family is already known, the number of studies 
conducted on the antioxidant capacity, and total 
phenolic and flavonoid contents of this plant is quite a 
few. No studies were detected in the literature regarding 
the effects of fertilizer applications on total phenolic and 
flavonoid contents and antioxidant capacity, especially 
in snowdrop. 

In light of these, the purpose of this research investigate 
the effects of P on phenolic compounds and antioxidant 
activity in G. elwesii.

MATERIALS AND METHODS

Material and design

The study was conducted  in the 2018-2019 growing 
seasons in a land previously used as agricultural land in 
the Suluova district of Amasya. In the study, G. elwesii 
species with a bulb diameter larger than 4 cm, obtained 
from commercial companies, was used. The study was 
created in the “Randomized Complete Block Design” trial 
design with 3 replications. Three different concentrations 
of  P ( 0, 3, 6, and 12 kg da-1 P2O5 - 0.43% w/v) were applied. 
After the drying process was completed, the root and 
bulbs were macerated.

Phytochemical analysis

Preparation of plant samples to determine 
antioxidant activity

After the drying process was completed, the plants were 
macerated. Then the methanol was evaporated by rotary 

and the extracts were obtained.

Determination total phenolic content (TPC)

TPC of the G. elwesii plant extracts was found according to 
the method suggested by Slinkard and Singleton (1977), 
using. The results are expressed as mg gallic acid/g (mg 
GAE/g) in the dried samples.

Determination total flavonoids content (TFC)

TFC was determined with the quercetin standard solution 
by using the methods suggested by Park et al. (2008)  
and total flavonoids were expressed as mg equivalents 
of quercetin (mg QE/g) per g of the dried fraction. 

Determination phenolic compounds

The amounts of gallic acid, caffeic acid, campherol, 
formonenitin, p-coumaric, cinnamic, and ferulic 
acid were determined with high-performance liquid 
chromatography (HPLC). 

Antioxidant activity

DPPH  Free Radical Scavenging Activity

In the present study, DPPH free radical scavenging 
method was used to determine the antioxidant activity 
(Brand-Williams et al., 1995). 

Ferrous ions chelating assay 

The chelating activity (Fe2+) of the extracts in iron ions 
was determined according to the method proposed by 
Decker and Welch (1990). 

Statistical Analysis

Evaluation of the obtained data was done by using JUMP 
statistical package program. The significance control 
of the differences between the means was performed 
using the Duncan test.

RESULTS AND DISCUSSION

Total phenolic content

TPC founded from G. elwesii samples treated with P 
fertilizer are shown in Figure 1. The highest TPC during 
the flowering period was found to be 358.36 mg GAE/g 
with 6 kg/da P treatment. The lowest TPC during fruit 
ripening period was found to be 80.13 mg GAE/g with 6 
kg/da P treatment. When the related figure is examined, 
it is seen that the total phenolic content increased by 
117.12% in the 6 kg/da P treatment during the flowering 
period. 

Ay et al., (2018) conducted a study to determine the 
total phenolic content of G. elwesii . The highest phenolic 
content in G. elwesii extracts was found to be 42.63 mg 
GAE/g in the fruit ripening period, the lowest phenolic 
content was determined as 18.15 mg GAE/g in  the 
fruit ripening period. In the study of Korcan et al. (2018) 
in which they determined the phenolic compounds, 
total flavonoid substance, antioxidant capacity, and 



antimicrobial activity in bulbs of a narcissus species 
Narcissus papyraceus, the amount of total phenolic 
substance in bulbs and bulbs skins was determined as 
gallic acid equivalent of 98 mg GAE/g and 584 mg GAE/g, 
respectively. Erenler et al., (2019) conducted a study to 
determine the antioxidant activity and total phenolic 
content of Galanthus krasnovii. The total phenolic 
contents of dichloromethane- ,hexane-, and ethyl 
acetate extracts were 60.95 mg GAE/g, 71.90 GAE/g, and 
58.90 mg GAE/g, respectively. Albayrak and Elmacı (2017) 
found that the effect of increasing nitrogen and sulfur 
doses on the total phenolic substance and antioxidant 
activity in bulbs was insignificant, and the total phenolic 
substance content was 63.16 mg 100 g-1 and 76.92 mg 
100 g-1.

Figure 1. Total phenolic substance content (mg GAE/g) 
values of G. elwesii plants treatment with different 
doses of phosphorus (P) fertilizer according to different 
development periods.

Total flavonoid content

TFC obtained from G. elwesii samples treated with P 
fertilizer are shown in Figure 2. The highest TFC during 
the flowering period was found to be 108.07 mg QE/g 
with 6 kg/da P treatment. The lowest TPC during fruit 
ripening period was found to be 52.33 mg mg QE/g 
with 6 kg/da P treatment. As seen in Figure 2, the total 
flavonoid content of G. elwesii plant decreased by 51.57 
% in the fruit ripening period compared to the flowering 
period.

Ay et al. (2018) reported that the highest flavonoid 
content in G.elwesii extracts was determined in  the fruit 
ripening period, and the lowest flavonoid content was 
found in the  the fruit ripening period. Korcan et al. (2018) 
determined the total flavonoid content in Narcissus 
papyraceus bulbs and bulb skins as 8.75 mg QE/g sample 
and 5.04 mg QE/g sample as quercetin equivalents, 
respectively. In a study that was conducted by Deniz 
(2016), when the flavonoid amounts of Crocus L. taxa 
extracts were compared, although the highest amount 
was found in C. cancellatus subsp. as 60.71 mg QE/g in 
the ethanolic areial extract of the mazziaricus taxon, 
the lowest value was in C. pallasii subsp. Pallasii taxon as 
5.65 mg QE/g in the ethanolic underground extract. This 
study results support previous study results.

Figure 2. Total  flavonoid content (mg QE/g) values 
of G. elwesii plants treatment with different doses 
of phosphorus (P) fertilizer according to different 
development periods.

Determination phenolic compounds

The phenolic substances identified were caffeic acid, 
gallic acid, p-coumaric acid, ferulic acid, canferol, 
cinnamic acid, syringer, vanillic acid and formonentin. 
Only gallic acid and caffeic acid were detected in the 
bulb and root that were harvested during flowering 
and fruit ripening periods, but p-coumaric acid, ferulic 
acid, cinnamic acid, syringer, canferol, formonentin, and 
vanillic acid could not be detected. When the amount of 
gallic acid was evaluated, it was found that the amount 
of gallic acid in the fruit ripening period ranged between 
167.39-313.03 µg/ml. Although the amount of gallic 
acid in the underground organs during the flowering 
period varied between 153.84-1039.78 µg/ml.  During 
the flowering period, the amount of caffeic acid was 
found to be 0.04-0.09 µg/ml in the bulb and root. Caffeic 
acid could not be detected in the bulb and root organs 
during the flowering period. Studies conducted on the 
determining phenolic compounds with this species were 
very limited. In the phenolic component determination 
study of Galanthus elwesii, Ay et al., (2018) found gallic 
acid, caffeic acid, myricetin, kaemferol, formononetin, 
and quercetin. Prakash et al., (2007) determined phenolic 
compounds such as gallic acid, ferulic acid, protocatechic 
acid, quercetin and campherol in their study conducted 
for HPLC and LC-MS/MS in four types of bulbs (red, purple, 
white, and green). At the end of their study, they found 
that the amount of ferulic acid varied between 13.5 and 
116, the amount of gallic acid between 9.3 and 354, the 
amount of protocatechic acid between 3.1 and 138, the 
amount of quercetin between 14.5 and 5110, and the 
amount of campherol between 3.2 and 481 µg/g. In 
the present study, it was found that the main phenolic 
component of G. elwesii, which was applied at different 
doses of P, was gallic acid.

Antioxidant activity

DPPH free radical scavenging activity obtained from 
G. elwesii samples treated with P fertilizer are shown 
in Figure 3. The highest DPPH free radical scavenging 
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activity during the flowering period was found to be 
72.30% with 6 kg/da P treatment. The lowest DPPH free 
radical scavenging activity during fruit ripening period 
was found to be 49.85% with 3 kg/da P treatment. As 
seen in Figure 3, DPPH free radical scavenging activity of 
G.elwesii plant decreased by 53.05% in the fruit ripening 
period compared to the flowering period.

Ferrous ions chelating assay obtained from G. elwesii 
samples treated with P fertilizer are shown in Figure 
4. The highest ferrous ions chelating assay during the 
fruit ripening period was found to be 66.77% with 6 kg/
da P treatment. The lowest ferrous ions chelating assay 
during the flowering period was found to be 50.55% 
with 12 kg/da P treatment. As seen in Figure 4, DPPH free 
radical scavenging activity of G.elwesii plant decreased 
by 24.29% in the the flowering period compared to fruit 
ripening period.

Antioxidant studies on Galanthus species are very limited.  
As a result of our study, the DPPH ranking was found 
as fruit ripening period ˂flowering period according 
to the harvest time in the bulbs and roots. Aydin et al., 
(2015) reported that ethanol extracts obtained from 
bulbs and leaves of Sternbergia lutea species had higher 
antioxidant activity than bulbs extracts (86.60%) and leaf 
extracts (68.10%). Deniz (2016) investigated two plant 
taxa of the genus Crocus L., which are in the Iridaceae 
family, including very important geophytes in terms of 
chemical contents, and spreads in Denizli. The highest 
total antioxidant activity was detected in C. pallasii 
subsp. pallasii taxon, the underground extract (90.25%), 
the highest free radical scavenging activity was detected 
in the underground extract of the C. cancellatus subsp. 
mazziaricus taxon prepared with acetone (90.3%). Turan 
(2016) conducted a study to determine the antioxidant 
activities, phenolic substances, and flavonoids, the 
phenolic components with spectroscopic methods 
in the Cyclamen alpinum Dammann ex. Sprenger and 
Cyclamen parviflorum Pobed. In antioxidant activity trials, 
the highest activity was detected in the areial parts part 
of C. parviflorum (91.39%), but the lowest activity was 
detected in the underground part of C. alpinum (13.11%). 
Korcan et al., (2018) performed a study to determine the 
phenolic compound, total flavonoid substance, and 
total antioxidant capacity and antimicrobial activity in 
Narcissus Species Narcissus papyraceus bulbs grown in 
Izmir. The remaining DPPH rank of ethanol extracts of 
the plants at 30 µg/ml plant concentration is bulb peels 
(88.96%) > bulbs (55.5%). In the plant extracts that were 
prepared with water, the remaining DPPH rank of 30 µg/
ml concentration was bulb peels (66.1%) > bulbs (25.3%). 
In a study conducted by Ay et al. (2018) to determine 
antioxidant activity of G. elwesii in flowering period and 
fruit ripening period, and reported that the highest DPPH 
free radical scavenging activity was in the fruit ripening 
period of Galanthus elwesii extracts. It was reported 
in the same study that antioxidant activity showed 

significant differences according to growth periods and 
plant organs.

Figure 3. DPPH free radical scavenging activity 
(%inhibisyon) values of G. elwesii plants treatment with 
different doses of phosphorus (P) fertilizer according to 
different development periods. 

Figure 4. Ferrous ions chelating assay (%inhibisyon) 
values of G. elwesii plants treatment with different 
doses of phosphorus (P) fertilizer according to different 
development periods.

CONCLUSION

In the present study, the highest amount of total phenolic 
was determined as 358.36 mg gallic acid/g in G. elwesii 
species during the flowering period of the plant, and the 
lowest total phenolic content was determined as 80.13 
mg gallic acid/g in the fruit ripening period. The highest 
amount of total flavonoid content was determined in 
the flowering period of the plant. Although it was found 
as 108.07 mg QE/g, the lowest total flavonoid content 
was determined as 52.33 mg QE/g in the fruit ripening 
period with 6 kg/da P treatment. gallic acid was the 
major phenolic component of G. elwesii.  The highest 
DPPH free radical scavenging activity in the G. elwesii 
was determined to be 72.30% with 6 kg/da P treatment 
during the flowering period of the plant, while the lowest 
DPPH free radical scavenging activity was detected as 
49.85% with 3 kg/da P treatment in the fruit ripening 
period of the plant. The highest ferrous ions chelating 
assay during the fruit ripening period was found to be 



66.77% with 6 kg/da P treatment. The lowest ferrous ions 
chelating assay during the flowering period was found 
to be 50.55% with 12 kg/da P treatment. When the G. 
elwesii is evaluated according to different harvest times, 
it is seen that the highest total flavonoid , total phenolic 
content and DPPH free radical scavenging activity are in 
the flowering period. Only the amount of ferrous ions 
chelating assay was determined to be the highest during 
the fruit ripening period, which shows that the amount of 
secondary metabolite will vary according to the organ in 
the plant, harvest time, and many factors. In the present 
study, it is possible to express the total flavonoid , total 
phenolic content and DPPH free radical scavenging 
activity fruit ripening period ˂flowering period.
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