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1. Introduction 

Medicinal plants have been and continue to be a subject of ongoing interest, 
since their study and use is a path to the prevention and treatment of a number of 
diseases. According to the World Health Organization, about 80% of all people 
worldwide use medicinal plants, and their number is steadily increasing. 

Ginkgo biloba L. is one of the oldest tree species on Earth.  Tree leaves have 
been used in traditional Chinese medicine for millennia to support cognitive 
function, mood, energy levels and sexual health.  The standardized extract EGb 
761® of dried green leaves of the tree has been approved as a dietary supplement 
for medical use in Europe since 1990. In various commercial forms, it is available 
alone or in combination with vitamins and trace elements for prevention and delay 
of Alzheimer's disease and other manifestations of dementia, improve memory 
functions and concentration, treat conditions associated with abnormalities in the 
brain dew, strengthen of blood vessels walls and much more. 

Chinese medicine has been using both dried green Ginkgo leaves and its seeds 
(nuts) for millennia, but due to significantly richer information about leaves whose 
phytochemistry is well studied, Ginkgo biloba seeds remain ignored by scientists 
outside China and Japan. In traditional Chinese medicine, they are used to treat 
respiratory problems – asthma, cough, bronchitis, as they have a warming effect, as 
well as for the prevention of urinary tract diseases. 

The healing properties of nuts, known by traditional medicine, are very poorly 
supported by experimental evidence, and this is a serious basis for more systematic 
chemical and biological studies of this plant. 
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2. Aim and objectives  

The objective of the thesis is to study the chemical composition of Ginkgo 
biloba seeds of local origin and to outline – by means of in vitro and in vivo methods, 
possible pharmacological applications of organic seed extracts. 

In order to achieve this aim, the following research tasks have been outlined: 

1. To quantify some seed constituents of nutritional value (proteins, lipids, 
polysaccharides, trace elements) and to study some of their characteristic properties. 

2. To quantify using classical spectrophotometric and chromatographic 
methods the amount of principal low molecular mass bioactive compounds in 
organic seed extracts. 

3. To test antioxidant, antimicrobial and cytotoxic properties of the organic 
seed extracts using in vitro experiments. 

4. To investigate in vivo effects of organic seed extracts on memory and 
learning functions of rats. 

 

3. Materials and methods 

The main amount of plant seeds was collected from a tree located in the yard 
of the Medical College of the Medical University of Plovdiv, Southern region, in 
November 2017, 2018 and 2019. For comparative studies, seeds from the North and 
the Central region of the town of Plovdiv were also used. After cleaning, the seeds 
were homogenized and stored at -20˚C prior to the experiments. 

All reagents used for the present study were of the highest purity available and 
supplied by Sigma-Aldrich, Merck KGaA, Darmstadt, Germany, unless another 
manufacturer is specified.  The solvents used in the chromatographic analyses were 
of LC-MS purity. In all tests,  deionized water with a resistance of at least 18 MΩ 
was used.  A Spectronic Camspec M550 (Spectronic Camspec Ltd, UK) 
spectrophotometer was used for taking electronic spectra and spectrophotometric 
readings.  

Methods standardized by the European Pharmacopoeia and the ISO were used 
for determining dry matter, protein content, lipids, fatty acids composition and 
tocopherols of the seeds. 
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Starch in seeds was isolated after removal of low molecular mass compounds 
and lipids. Fourier-Transform Infrared spectroscopy (FTIR) and Attenuated Total 
Reflection (ATR) were used to prove starch identity, while the amylose content and 
swelling factor were determined by spectrophotometric methods. Phase transitions 
of the starch were assessed using differential scanning calorimetry (DSC).  The ratio 
between digestible and resistant Ginkgo biloba seed starch was determined by a 
commercial kit (Megazyme, Bray, Ireland) according to the manufacturer's 
recommendation.  

Microelement composition of the seeds was analyzed by inductively coupled 
plasma with a mass detector (ICP-MS) after microwave digestion of dried seeds. 

Low molecular mass secondary metabolites were isolated by a triple extraction 
with 70 % methanol using a ratio of plant material : solvent 1:10 (w/v).  The 
resulting extracts were either evaporated or concentrated under a vacuum at 30˚C 
depending on the needs of the experiment. 

The main classes of secondary metabolites in extracts (phenols, flavonoids, 
tannins, carbohydrates) were quantified using standardized spectrophotometric 
methods. Phenolic acids were quantified by high-performance liquid 
chromatography (HPLC) with UV detector, while ultra-high-performance liquid 
chromatography with triple quadrupole mass detector (UHPLC-MS) was used for 
quantification of flavonoids, terpene trilactones, ginkgotoxin and ginkgolic acid. 

The antioxidant properties of the extracts were evaluated using 1,1-diphenyl-
2-picrylhydrazyl radical (DPPH) discoloration method and determination of total 
iron-reducing capacity. These methods were also applied to an extract preliminary 
treated with Chelex ion exchange resin to remove ions of transitional metals. 

The in vitro cytotoxicity of 70% methanol extract from Ginkgo biloba seeds 
was tested on two tumor cell lines – human melanoma cells A2058 (ATCC: CRL-
11147) and colon cancer cells HCT116 (ATCC: CCL-247).  The cytotoxic effect 
was evaluated by applying 3 methods – WST-1 assay for cell proliferation, by 
measuring the electrical impedance of the cell layer and by staining live and dead 
cells with calcein-AM and ethidium-homodimer, respectively. 

The antimicrobial activity of the extract on twenty microorganisms was tested 
using the agar-diffusion method and measured by diameter of inhibited area around 
the wells at 24 and 48 hours of incubation. 
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The study of the effect of 70% methanol seed extract on short-term and long-
term memory was carried out using male Wistar rats, divided into 5 experimental 
groups. The tests were approved by the Commission on Animal Ethics of the 
Bulgarian Food Safety Agency (BFSA) with permission № 237/04.09.2019. 
Changes in short-term, long-term, working and spatial memory, locomotor activity 
and stereotypical behavior were studied using appropriate experimental tests. 

 

4. Results and discussion 

Ginkgo biloba seeds combine both nutritional and healing properties. The 
biosynthesis of the compounds determining the nutritional value, as well as the type 
and content of the secondary metabolites, show significant differences even for 
close geographical regions. For this reason, the first of the objectives of the thesis 
was to conduct a quantitative analysis of substances in seeds that determine their 
nutritional value and biologically active compounds related to their curative 
properties. In order to assess the nutritional value, comparisons were made with 
both available literature data for other populations and using similar foods of 
Bulgarian origin. Data from analyzes of secondary metabolites were most often 
compared with scarce data for seeds from other populations, but also with the 
content of these substances in the standardized EGb 761® extract. 

4.1. Main components of the seeds, determining their nutritional 
value 

The dry matter content of the seeds showed an average value of 57.5 ± 8.6%, 
found from the data for different populations and years of seed collection. 

The lipid content of Ginkgo biloba seeds was 1% of the raw nut, much lower 
than their content in other types of nuts, but close to that reported by other authors 
– 1.26%. Fatty acid composition showed a high content of unsaturated fatty acids – 
81% (Figure 1); mono- and polyunsaturated fatty acids were equally presented: 41% 
and 40%, respectively. Of all fatty acids, the content of linoleic acid was the highest 
– 32.2%. It is an omega-6 unsaturated acid and is one of the essential fatty acids.  
Unsaturated omega fatty acids accounted for 38.5% of the total fatty acids. Rare 
trans-isomers of unsaturated fatty acids, the amount of which is 13.4% of the total 
amount of fatty acids, were also detected. 
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Figurе 1. Percentages of different types fatty acids in glyceride oil from Ginkgo biloba seeds 

 

The total amount of tocopherols found in nuts is 192.6 mg/100 g of oil. The 
study of the individual tocopherol composition shows that, as with most nuts, the 
highest was the percentage of γ- and α-tocopherol: 47% and 41%, respectively 
(Figure 2). 

 

 

Figure 2.  Individual tocopherol composition of glyceride oil from Ginkgo biloba seeds 
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The mean value of tocopherol equivalents in different species of nuts ranges 
from undetectable for the macadamia nuts to 33.1 mg/100 g isolated oil from 
hazelnut. Thus, Ginkgo biloba nuts rank among those containing a significant 
amount of tocopherols as a part of their lipid content. 

The protein content, determined by the Kjeldahl method, was 5% of the raw 
seed or about 10% of its dry matter. This is relatively low amount of protein 
compared to other nuts used as food in Bulgaria. 

Starch is the main polysaccharide in Ginkgo biloba seeds. The insoluble 
residue obtained after removal of seed low molecular mass compounds by 
extraction with 70% methanol and lipid extraction with hexane was identified as 
starch by FTIR and comparison of ATR spectra with commercial samples of maize 
and wheat starch. 

In the FTIR spectrum, a characteristic broad band with a maximum at 3271 
cm−1 was recorded that was attributed to the presence of –OH groups in the starch 
(vibrational oscillation) and a band at 2928 cm − 1 due to the presence of vibrational 
oscillations of C-H bonds at a sp3-hybridized carbon atom (Figure 3). Three 
distinctive peaks appear in the so-called fingerprint region in the spectrum of starch 
between 993 and 1148 cm− 1 due to C-OH, C-C and C-OH valence oscillations. 

  

Figure 3. Infrared spectrum of starch, obtained from Ginkgo biloba seeds, in KBr pellet.  
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The infrared spectra obtained by ATR of the three analyzed starches showed 
a well-defined triad between 1000 and 1150 cm−1. More significant differences in 
the spectra are observed in the low-intensity bands in the range 1550-1750 cm−1, 
attributed to the presence of minor components associated with starch (proteins, 
phosphate esters, etc.) (Figure 4). 

 

Figure 4. Infrared spectra obtained by attenuated total reflection of starch isolated from Ginkgo 
biloba (blue line), as well as spectra of commercial maize (violet line) and wheat (red line) starches 

Table 1 shows the amylose content and swelling factor of Ginkgo seed starch 
compared to commercial samples of maize and wheat starch. 

 

Table 1. Amylose content and swelling factor of three tested types of starch. The values shown 
are the average of three parallel samples ± standard deviation. The comparisons are made with respect 
to the values obtained for Ginkgo starch. # p = 0.02, * p = 0.0001, ** p = 0.002. 

Tested starch Amylose content, % Swelling factor 

Ginkgo seed starch 36.9 ± 5.0 1.024 ± 0.001 

Maize starch 23.6  ± 4.3# 1.014 ± 0.001* 

Wheat starch 22.2  ± 4.8# 1.016 ± 0.002** 

 

These data showed that Ginkgo starch had significantly higher amylose 
content and higher swelling factor compared to the other two types of starch. 
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The high content of amylose in starch is associated with a lower rate of 
degradation compared to starches where amylopectin predominates. Starch granules 
are not soluble in water, but are easily hydrated, swelling up to about 10% of their 
volume. When an aqueous suspension of granules is heated, additional swelling 
occurs at a certain temperature, referred to as gelling temperature. Hydrolysis of 
starch by the enzyme amylase is significantly faster in gel state. 

Additional information on the physicochemical properties of starches was 
obtained by DSC data. The phase transitions in Ginkgo biloba starch (Figure 5A) 
started at about 62°C (T0), reached their peak maximum at 79.5°C (Tp) and ended 
at about 90°C (Tc). The change in enthalpy was 833.1 J/g. For comparison, the 
wheat starch parameters of T0, Tp and Tc (Figure 5B) did not differ significantly, 
but the change in enthalpy was about 23% lower (640.0 J/g) compared to that of the 
Ginkgo biloba starch. This indicates the presence of more ordered structures in 
Ginkgo biloba starch granules than in the wheat starch. 

 

 

Figure 5. Thermograms obtained by DSC of Ginkgo biloba seed starch (A) and commercial 
wheat starch (B) 

 

The high amylose content and the high enthalpy of gelling are prerequisites 
for the relative resistance to enzymatic hydrolysis of Ginkgo biloba starch in the 
human digestive tract. This was confirmed by an in vitro study of its hydrolysis rate. 

The terms “fast-digesting starch” (RDS), “slow-digesting starch” (SDS) and 
“resistant starch” (RS) terms are related to the rate of starch absorption in vivo. 
Literature data show the average residence time of food in the human small 

A B 
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intestines, the main site for enzymatic hydrolysis of starch, is 4 ± 1 h. Therefore, 
this time was chosen to determine the total amount of digestible starch. Aliquots 
were taken at 20 min to determine RDS and at 120 min to determine SDS. The 
sample taken at 240 min shows the total amount of digestible starch (TDS); the non-
hydrolyzed starch remaining after 4 hours has been defined as RS. The reliability of 
the method was confirmed by comparison with reference starch provided by 
manufacturer.  

Table 2 shows the percentage of the starch fractions related to their 
digestibility.  

 

Table 2. Properties of four types of analyzed starches according to the rate of their in vitro 
enzymatic hydrolysis. RDS – fast digestible starch; SDS – slowly digestible starch; TDS – total digestible 
starch; RS – resistant starch. The total starch content is an algebraic sum of TDS and RS. The results 
shown (in % of the total amount of dry starch) are average values of three parallel samples. 

Type starch RDS SDS TDS RS Total 
starch 

Ginkgo biloba  7.3 26.3 42.1 33.4 75.5 

Wheat 26.3 43.0 67.1 1.7 68.8 

Maize 12.17 55.14 71.9 0.8 72.7 

Standard 
(manufacturerʹs 
values) 

6.9 16.2 35.9 47.4 83.3 

Standard 

(obtained values) 

6.0 16.8 32.8 48.9 81.7 

 

The data obtained showed that Ginkgo biloba starch contains less digestible 
starch and a higher proportion of resistant starch than the other two starches studied. 
A good negative correlation was found between the content of amylose and total 
digestible starch (r = -0.875) and a positive correlation between amylose and 
resistant starch (r = 0.808), confirming that the content of the linear fraction was a 
critical factor for the rate of enzymatic hydrolysis of starches. The high percentage 
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of resistant starch from Ginkgo biloba seeds allows it to be referred to the so-called 
“slow carbohydrates” providing low glycemic index, making it suitable for the 
preparation of food for people with metabolic diseases or to be used as an excipient 
in the preparation of pharmaceutical formulations. 

Trace elements are vital for plants. Transition metal ions such as Fe, Cu, Ni, 
Mn and Zn are components of a number of enzymes and metalloproteins and are 
therefore essential for plant growth and development. Plant foods are a major 
supplier of these micronutrients to animal organisms, including humans. 

Analysis of mineralized Ginkgo biloba seeds by ICP-MS showed that the 
amount of iron, copper and zinc in the seeds varied depending on the location, year 
of collection and tree age. The amount of iron was within 18 and 64 ppm, the 
variations in the copper content were insignificant – 6.5 - 11.4 ppm, zinc content 
was between 8.8 - 24 ppm, and the amount of selenium in all analyzed samples was 
below 30 ppb. 

The data presented so far are summarized in Figure 6. 

 

 

Figure 6. Percentage of main components in Ginkgo biloba seeds (data provided are for seeds 
collected in 2019) 
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4.2. Isolation and characterization of low molecular mass 
secondary metabolites from Ginkgo biloba L. seeds 

The 70% methanol (v/v) was the solvent of choice for isolation of low 
molecular mass secondary metabolites. It is relatively affordable, has the lowest 
boiling point of all alcohols and this allows the resulting extracts to be easily 
concentrated or evaporated to dryness. Preliminary experiments with the selected 
solvent showed that extraction yield in 70% methanol is very similar when applying 
maceration (4-7%), reflux (4-8%) and ultrasond assisted extraction (5-9%). The 
choice of maceration as a method of work was made based on the results of the 
application of three antioxidant methods, as they showed the highest values for this 
type of extraction. 

A phytochemical screening of the extract was performed using a set of 
spectrometric methods described in the European Pharmacopoeia. Analysis of the 
total phenolic content of the extract showed a content of 118 ± 2.5 equivalents of 
gallic acid (GA eq)/g dry matter in the extract. 

The tannin content of Ginkgo biloba seed extract was 9.42 ± 0.47 mg of 
tannic acid equivalents (TAE)/g. As the method used is based on the property of 
tannins to precipitate proteins because of the formation of hydrogen bonds between 
the numerous phenolic groups in the structure of tannins and the polypeptide chain, 
and this is inherent in both hydrolyzable and condensed tannins, it is difficult to 
distinguish the two categories of tannins in EGB. There is a lack of information 
from other authors in the scientific literature on the tannin content of Ginkgo seed 
extracts. 

The total carbohydrate content of the extract was 374.7 ± 17.5 mg glucose 
equivalents (GlcE)/g. This result means that carbohydrates comprise a significant 
part of the extracted dry matter. According to the authors of the method, it is 
applicable for the determination of monosaccharides, disaccharides, dextrins, 
polysaccharides, starch and glycosides, as under the conditions of the analysis 
oligo- and polysaccharides hydrolyze to monosaccharides.  Most likely bulk part of 
the quantified carbohydrates were in form of glycosides, although thin layer 
chromatography confirmed the presence of mono- and disaccharides in 70% 
methanolic extract. 
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The total flavonoid content, determined by their ability to form yellow 
complexes with Al3+  was 20 ± 0.72 mg quercetin (QE) equivalents/g. 

The chromatographic analysis rendered p-coumaric acid content in the extract 
0.478 mg/g of dry matter. The quantities of other phenolic acids used as standards 
were below the limit of detection of the method. Para-coumaric acid is present in 
many fruits, vegetables and cereals in esterified and/or free form; it is probably also 
glycosylated in the seeds of Ginkgo biloba, due to its low concentration. 

The quantification of the individual flavonoids contained in the extract 
requires an initial analysis of pure standards in order to establish the most 
appropriate chromatographic conditions and parameters of mass detector. 

The chromatographic analysis with a UV-Vis detector makes it possible to 
detect both free flavonoids (aglycones) and their glycosylated forms, as both types 
of analytes contain chromophores. The comparison between the chromatogram of 
the extract and the chromatogram of a mixed standard of rutin, quercetin, 
kaempferol and isorhamnetin demonstrated concentrations of the target analytes 
below the limit of detection of this type of detector (Figure 7). Further analyses were 
carried out using a more sensitive detector – mass detector for the quantitative 
analysis of flavonoids. 

 

Figure 7. Chromatograms of: A - extract with a concentration of 20 mg/L and B - of a mixed 
standard (each flavonoid has a concentration of 1 mg/mL). The detection of the analytes is at 370 nm, 
wavelength allowing detection of both aglycones and glycosylated flavonoids. 

 

A 

B 

Rutin 

Quercetin Kaempferol 
Isorhamnetin 
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The calibration curves obtained by using commercial standard compounds 
show linearity of mass detector response over a broad concentration range. Under 
the selected conditions of the chromatographic analysis, the retention time of the 
individual analytes was between 7.5 min (rutin) and 15 min (isoramnetin). Figures 
8A (1-3) and 8B (1-3) show the chromatograms of the analyzed flavonoids in the 
extract and the standards used, respectively. Figures 9A and 9B show 
chromatograms of the extract and standard rutin, which is a glycoside of quercetin. 

The results of the quantification of the four flavonoids are presented in Table 
3. The low values of free aglycones were not surprising as flavonoids in plants are 
found mainly as glycosides. The carbohydrate residue gives them greater 
hydrophilicity and facilitates their transport in different plant parts.  Comparing the 
results obtained from spectrophotometric and chromatographic analyzes, it can be 
assumed that 95.5% of the flavonoids in the seed extract are glycosylated. 

 

Figure 8. Chromatogram of: (A) Ginkgo biloba seed extract: 1A - kaempferol, 2A - quercetin, 
3A- isoramnetin; and standards (B): - 1B - kaempferol, 2B - quercetin, 3B – isoramnetin 

 

1A 

2A 

3A 

1B 

2B 

3B 
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Figure 9. Chromatogram of standard rutin (A) and ginkgo biloba seed extract (B) 

 

In order to determine the total amount of flavonoids: aglycones and 
glycosylated, acid hydrolysis of the extracts was applied under conditions described 
in the European Pharmacopoeia for Ginkgo biloba leaf extracts. The result of the 
aglycone analysis showed a slight increase in the amounts of aglycones (Table 3), 
while over 40% of the starting rutin, used as a model compound, remained 
unchanged, indicating the degree of hydrolysis was incomplete under the applied 
conditions. 

 

Table 3. Comparison of the flavonoid content in the studied extract before and after hydrolysis. 

Tested 
flavonoid  

Quantity 
before hydrolysis 

(µg/g) 

Quantity 
after hydrolysis 

(µg/g) 

Quercetin 14.4 20.7 

Kaempferol 20.2 55.9 

Isorhamnetin 30.3 25.8 

Rutin 20.8 8.85 

 

A 

B 
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The chromatographic method developed for the analysis of the terpenes and 
sesquiterpenes in the seed extract allowed to be quantified in less than 6.5 minutes 
(Figure 10). In this analysis, the separation of ginkgolides B and J, spatial isomers, 
was a problem. Therefore, the results obtained are presented for the two ginkgolides. 
The total content of terpene trilactones in the extract was 895 µg/g, as the content 
of the respective compounds was ginkgolide A - 242 µg/g, ginkgolide B + J - 388 
µg/g, ginkgolide C - 143 µg/g and bilobalide - 122 µg/g. 

 

Figure 10. Chromatograms of standards 1A-bilobalide, 2A-gincolides B, J, 3A-gincolide C, 4A-
gincolide A; and extract-1B-bilobalide, 2B-gincolids B, J, 3B-gincolide C, 4B-gincolide A 

The results obtained are compared to the quantities reported by other authors 
and are presented in Table 4. 

 

Table 4. Quantities of biologically active substances in Ginkgo biloba seed extract, compared 
with other authors. The results are presented in µg/g dry matter of the extract. 

Substance Own results Zhou et al., 
2014 

Chen et al., 
2020 

Boateng, 
Yang, 2021 

Quercetin 1.4 – 14.4 ND ND NA 

Kaempferol ND – 20.0 ND ND NA 

Isorhamnetin 4.5 – 30.0 0.45 ND – 3.5 NA 

1A 1B 

2A 2B 

3A 

4A 

3B 

4B 
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Rutin 2 – 20.0 NA ND – 1.9 NA 

Ginkolide А 242 165.17 0.92 – 3.47 ND – 9.00 

Ginkolide B 388 199.67 575 – 1988 49.43 –
102.25 

Ginkolide J ---- NA 15 – 47 NA 

Ginkolide C 143 136.31 152 – 600 62.21 – 67.18 

Bilobalide 122 72.52 22 – 46 NA 

Ginkgo toxin 335 NA NA 51 – 55.2 

Ginkgolic acid 18 51.69 56.5 –172.2 2.33 – 4.51 

Total 
flavonoid content 

85.7 – 
111.25 

NA 3.04 – 6.93 1260 – 1950 

Total  
terpene content 

895 642.76 767.81 – 
2684.05 

111.64 – 
178.43 

NA – not analized; ND – not detected (below detection limit) 

Zhou G, Yao X, Tang Y, Qian D, Su S, Zhang L. An optimized ultrasound-assisted extraction and 
simultaneous quantification of 26 characteristic components with four structure types in functional foods 
from ginkgo seeds. Food Сhem 2014b; 158: 177–185. 

Chen X,  Zhong W, Shu Ch, Yang H, Li E. Comparative analysis of chemical constituents and 
bioactivities of the extracts from leaves, seed coats and embryoids of Ginkgo biloba L., Natural Product 
Research, 2020. doi: 10.1080/14786419.2020.1788020 

Boateng ID, Yang XM, Li YY. Optimization of infrared-drying parameters for Ginkgo biloba L. 
seed and evaluation of product quality and bioactivity. Ind Crops Prod 2020; 113108. doi: 
10.1016/j.indcrop.2020.113108 

 

Ginkgo toxin (4’-O-methylpyrodoxin) is one of the toxic compounds found 
in almost all parts of the Ginkgo biloba tree. It is an antivitamin B6 and larger 
amounts can cause stomachache, nausea, irritability, epileptic convulsions, even 
death (in very rare cases). It is very soluble and extractable in water but probably a 
significant part is extracted with 70% methanol as well (Figure 11). The analysis 
showed the presence of 335 µg/g ginkgotoxin in the studied extract. 



20 

 

Reports from other researchers have shown that the amount of ginkgo toxin 
can be significantly reduced after cooking the seeds. 

 

Figure 11. Chromatogram of standard gincotoxin (A) and ginkgotoxin in extract (B) 

 

Ginkgolic acid contains a long non-polar side chain of carbon atoms to the 
benzene ring and this makes the molecule generally hydrophobic. This low polarity 
does not allow it to be analyzed under the same chromatographic conditions as 
flavonoids and terpene trilactones. The results obtained for the content of ginkgolic 
acid C13:0 in the extract of Ginkgo biloba seeds is 18 µg/g, significantly exceeding 
the upper level set by the European Pharmacopoeia for leaf extract. 

 

 

Figure 12. Chromatogram of ginkloic acid in EGB (A) and after extraction with hexane (B) 

B 

A 

A B 
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After extraction with hexane, its amount was reduced to 4 µg/g without 
significant changes in flavonoid and terpene trilactone levels (Figure 12). 

The data obtained for chemical constituents of Ginkgo biloba seed extract in 
70% methanol are summarized in Figure 13. 

 

4.3. Biological studies of 70% methanol extract from Ginkgo biloba seeds 

4.3.1. Antioxidant properties 

Almost all plant extracts reported in the scientific literature have been studied 
and show antioxidant properties, most often associated with the presence of 
phenolic plant metabolites. 

Most of the assays used to evaluate the antioxidant properties of plant extracts 
are based either on the ability of certain biologically active plant metabolites to form 

Low molecular mass compounds

Carbohydrates

374 mg/g Polyphenols

118 mg/g

Flavonoids

20 mg/g

Free 
aglycones

Quercetin

20.7 µg/g

Kaempferol

55.9 µg/g

Isorhamnetin

25.8 µg/g

Glycosylated 
flavonoids

Rutin

8.85 µg/g

Polyphenolic 
acids

p-coumaric acid

478 µg/g

Tannins

9.42 mg/g

Ginkgolides

A

242 µg/g

B, J

388 µg/g

C

143 µg/g

Bilobalide

122 µg/g

Ginkgo Toxin

335 µg/g
Ginkgolic acid

18 µg/g

Figure 13. Quantities of low molecular weight compounds in 70% methanol extract of Ginkgo 
biloba seeds (relative to the dry matter of the extract in g). Free aglycone values were measured 
after hydrolysis. The data are for seeds collected in 2019. 
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color chelates or to participate in redox reactions with metal ions. On the other hand, 
all plant extracts contain certain amounts of redox-active metal ions (mainly iron 
and copper), the amounts of which depend on the geographical origin, soil, 
environmental factors, pollution and many other variables. As it has been already 
reported, Ginkgo biloba nuts also contain such ions. We assumed these naturally 
occurring redox-active metal ions in plants could affect the results of antioxidant 
analyzes, which will influence the comparison of the antioxidant properties of plant 
extracts even from one and the same botanical species. This hypothesis was tested 
by applying three commonly used antioxidant methods based on a single electron 
transfer. Such a mechanism is applicable to the redox pairs Fe3+/ Fe2 + and / or Cu2 

+ / Cu+. For this reason we compared the results of antioxidant assays found for the 
extract obtained by maceration of 70% methanol from Ginkgo biloba seeds, and the 
extract obtained by the same method but treated with Chelex ion exchange resin to 
remove transition metal ions. The results of these three analyzes for both non-
chelated and chelated extracts, are presented in Table 5. 

 

Table 5. Antioxidant properties of Ginkgo biloba seed extract before and after treatment with 
Chelex® ion exchange resin, determined by three methods. Values are averages of triplicate 
measurements ± standard deviation. A statistically significant difference between the values obtained for 
the two extracts was assessed by the P-value. GAE - gallic acid equivalents (mg/g). 

Type of 
extract 

Total 
phenolic 
content 

(GAE) 

 Ferric-
reducing 
capacity 

(Trolox eq) 

 Radical 
scavenging 
capacity 

(µg IC50) 

 

 Mean ± 
SD 

P Mean ± 
SD 

P Mean ± SD P 

Non-
chelated 

118 ± 3 0.005 98 ± 5 0.006 470 ± 10 0.0001 

Chelated  128 ± 2  115 ± 1  620 ± 20  

 

The decomposition of transition metal chelates with phenolic compounds 
increased the concentration of the latter. Another evidence of the ion exchange was 
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the pH of both extracts. While the original extract had a pH of 7.53, the Chelex (Na+ 
-form) -treated extract showed an increase in pH to 7.85. 

At physiological pH, all carboxyl groups are ionized and this shift of the pH 
of the chelated extract to a higher value implies the replacement of coordination-
bound to phenolic groups transition metal ions with ionically bound sodium from 
Chelex resin. However, this change in the pH of the chelated extract is unlikely to 
affect antioxidant assays, as total phenolic content is measured in basic medium 
while the DPPH analysis is performed in methanol. In addition, these assays use 
small amounts of plant extracts compared to the total volume of reagents. The only 
pH-sensitive method is the analysis of ferric-reducing capacity, but it uses a large 
volume of acetate buffer with sufficient buffering capacity. 

The ferric-reducing capacity was higher in the chelated extract and this can 
also be attributed to a larger number of free of chelates phenolic groups capable of 
acting as antioxidants. As for the results of the DPPH analysis, the raw extract 
showed better results. Assuming that in the reducing medium of plant cells iron and 
copper ions are mainly in their reduced form and are associated with polyphenols, 
this could explain the higher reducing capacity of untreated plant extract, reduced 
after the removal of Chelex transient metals. Moreover, another mechanism might 
be in operation in methanolic solution – a transfer of hydrogen atoms, in addition to 
a single electron transfer.  

 

4.3.2. Cytotoxic properties 

The measurement of electrical impedance of the cell monolayer showed that 
the cell index for the two studied tumor cell lines dramatically decreased when the 
cells were treated with extract in concentrations 700 and 600 μg/mL (Figure 14). 
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Figure 14. Real-time analysis of HCT116 and A2058 cells treated with EGB. 

The cells were cultured in E-plates placed in the xCelLigence system and incubated for 24 hours. 
After that the plates were taken out and the growth medium in the wells was replaced with growth 
medium, containing different concentrations of EGB. Cells treated with 0.8% DMSO in serum-free 
medium served as controls. All graphics are generated by RTCA Software 2.0. 

A1, A2: The graphs show the dynamics of the cell index (y-axis) during treatment (x-axis). The 
cell index is normalized to the time point of treatment (vertical black lines). The colors of the lines in the 
graphs correspond to the EGB concentrations given in C2. 

B1, B2: The graphs show the relationship between EGB concentration and cell index. Increasing 
concentrations lead to a continuous decrease in the value of the cell index, which is indicative of a larger 
number of dead cells. 

C1, C3: Data analysis from RTCA 2.0 software. The curves were used to determine IC50 values 
for both cell lines. The calculated IC50 value for HCT116 cells is 531 μg/mL, and for A2058 cells - 430 
μg/mL. 

C2: Color code used in A and B. 

 

While the decrease in cell index occurred in approximately 48 hours of 
exposure to HCT116 cells (Figure 14, A1), the cytotoxic effect of the extract 
occurred earlier in A2058 cells, at least for the two highest concentrations (Figure 
14, A2). Despite the different behavior of the two cancer cell lines, the real-time 
analysis clearly showed a gradual decrease in the cell index at higher extract 
concentrations (Figure 14, B1,2). The analysis of the results was performed in the 
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RTCA software and showed an IC50 value of 531 μg/mL for HCT116 cells (Figure 
14, C1) and 430 μg/mL for A2058 cells (Figure 14, C2). 

 

 

Figure 15. Quantitative (A) and qualitative analysis (B) of the cell viability of HCT116 and A2058 
cells. 

A1, A2: WST-1 colorimetric analysis was used to determine the number of living cells when 
treated with increasing concentrations of EGB. Control cells were treated with 0.8% DMSO. 

B1, B2: Staining with calcein-AM and ethidium homodimer-1, used to display living and dead 
cells, respectively, when treated with different concentrations of EGB. Images were taken after 72 hours 
of treatment and three representative concentrations were shown - 700, 500 and 200 μg/mL EGB, as well 
as the control untreated cells. 

At the end of the experiment, real-time cell viability was measured with WST-
1 reagent (Figure 15, A). The results confirmed a strong cytotoxic effect on the two 
tumor cell lines with IC50 values of 455 μg/mL for the HCT116 cells (Figure 15, 
A1) and 330 μg/mL for the A2058 cells (Figure 15, A2). 

In an independent experiment, the two tumor cell lines were treated with the 
same concentrations of extract, LIVE/DEAD cell analysis was performed every 24 



26 

 

hours, and the cells were observed under a microscope. Seventy two hours later, the 
monolayer in both HCT116 and A2058 cell types treated with 700 μg/mL of extract, 
was clearly disrupted and the number of living cells was very small, as evidenced 
by microscopic data and calcein-AM staining (Figure 15, IN). The HCT116 cell 
monolayer appears to be better conserved at 500 μg/mL EGB (Figure 15, B1) than 
the A2058 monolayer (Figure 15, B2), although the number of dead cells visualized 
by ethidium homodimer staining is quite high in both cell lines. Of course, after 72 
hours of treatment, many dead cells were observed at low concentrations of EGB as 
well as in the controls, but the number of living cells in these wells was much higher 
and the monolayer was better preserved (Figure 15, B1 and B2). ). 

 

Figure 16. Qualitative (A) and quantitative analysis with WST-1 (B) of the cell viability of 
McCoy-Plovdiv cells. 

A: Staining with calcein-AM and ethidium homodimer-1 was used to visualize living and dead 
cells, respectively, at different EGB concentrations. Photographs were taken after 72 hours of treatment 
and showed three representative concentrations - 700, 500 and 200 μg/mL EGB, as well as control 
untreated cells. 
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B: WST-1 colorimetric analysis was used to determine the number of living cells when treated 
with increasing concentrations of EGB. The control cells were treated with 0.8% DMSO. 

 

In order to verify that Ginkgo biloba seed extract had a specific antitumor 
effect, non-tumor McCoy-Plovdiv fibroblast cells were treated with the extract at 
concentrations of 800, 750, 700, 650 and 600 μg/mL and cell viability was measured 
72 hours later. It was found that none of the applied concentrations significantly 
reduced cell viability. In addition, the number of living cells in the wells with the 
highest applied concentration, decreased by only 7% compared to the control 
(Figure 16). 

In conclusion, the presence of a strong cytotoxic effect of EGB was 
unequivocally proven and confirmed by three methods used. The compounds 
contained in the extract significantly perturbed the proliferation and viability of two 
tumor cell lines, HCT116 and A2058, whereas no such effect was observed for the 
non-tumor cell line McCoy-Plovdiv. 

 

4.3.3. Antimicrobial effect of non-chelated and chelated extract 

In vitro antimicrobial activity of Ginkgo biloba seed extract against twenty 
microorganisms was assessed by two different methods – primary screening by agar 
diffusion, and then the calculation of minimum inhibitory concentration by serial 
dilution method. At the highest tested concentration - 3.5 mg/mL, 13 of the tested 
microorganisms were sensitive to the extract; the largest inhibition zone was 
registered for Rhizopus sp. – 13 mm. As expected, the minimum inhibitory 
concentration (MIC) was the lowest for Rhizopus sp.; data for the registered MICs 
are presented in Table 6. Ginkgo seed extract had no effect on any of the studied 
yeast strains. 

Two types of extracts were tested for antimicrobial activity: the one obtained 
in 70% methanol, and the extract treated with Chelex ion exchange resin to remove 
transition metal ions. These trace elements are vital to the human body, but they are 
even more important to microorganisms. Some strains produce low molecular mass 
compounds with extremely high affinity to Fe3+, called siderophores, which capture 
this metal ion from the environment and transport it to the cells of microorganisms 
to ensure their vital processes such as respiration and DNA synthesis. The 
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antimicrobial potential of complex mixtures of compounds is often associated with 
their chelating properties. 

 

Table 6. Minimum inhibitory concentrations (MIC) of Ginkgo biloba seed extract on different 
strains of microorganisms 

Microorganisms MIC (mg/mL) 

Non chelated 

MIC (mg/mL) 

Chelated 

Bacillus subtilis ATCC 6633 0.875 0.85 

Bacillus cereus 0.875 0.85 

Bacillus amyloliquefaciens 1.75 0.85 

Staphylococcus aureus ATCC 25923 0.875 0.85 

Enterococcus faecalis 3.5 1.7 

Micrococcus luteus 3.5 3.4 

Salmonella enteritidis 1.75 1.7 

Escherichia coli ATCC 8739 1.75 3.4 

Pseudomonas aeruginosa ATCC 9027 1.75 3.4 

Aspergillus niger ATCC 1015 0.875 0.85 

Penicillium sp. 1.75 1.7 

Rhizopus sp. 0.109 0.212 

Fusarium moniliforme ATCC 38932 3.5 3.4 
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While for most microorganisms there was no difference in MIC of the two 
tested extracts, in two strains (Bacillus amyloliquefaciens and Enterococcus 
faecalis) the MIC was twice lower for the chelated extract and for two others strains 
(Escherichia coli ATCC 8739 and Rhizopus sp.) MIC was twice higher. 
Interpretation of these results requires further studies on the mechanism of 
antimicrobial activity of Ginkgo biloba seed extract using commercially available 
siderophore-producing strains. 

 

4.3.4. Results of in vivo animal tests  

Spontaneous alterations recorded by the Y-maze measur the willingness of 
rodents to explore new environments and are an indicator of spatial recognition 
memory. Animals treated with Piracetam statistically significantly increased 
spontaneous alteration in the memory test compared to the negative group. 
Comparison between the three experimental groups and the negative control group 
showed that only the groups received the two lower doses of Ginkgo biloba extract 
(50 and 100 mg/kg) significantly increased the spontaneous alteration in the 
memory trace test, while the group receiving the highest dose:- 200 mg/kg, did not 
achieve a statistically significant difference compared to the control (Figure 17). 

The Y-maze can be used to assess short-term memory and overall locomotor 
activity. Our results showed its improvement at the two lower studied doses of the 
extract compared to the pure/plain control group. Moreover, their effect is 
comparable to that of the positive control Piracetam. 
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Figure 17. Effect of Ginkgo biloba seed extract (EGB) on spontaneous Y-maze alteration in rats. 
* p <0.05 when compared to the saline group. PCM - Piracetam. 

 

The T-maze is a method for studying spatial working memory. The Piracetam-
treated group significantly increased the working memory index (p <0.05) 
compared to the control group. The three experimental groups received Ginkgo 
biloba seed extract significantly increased the working memory index compared to 
the saline group (p <0.05). The results obtained showed statistically significant 
improvement in the working memory index in all three tested groups compared to 
the control, and the effect was comparable to the effect of Piracetam. A comparison 
between the four experimental groups of the working memory index did not show 
a statistically significant difference (Figure 18).  
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Figure 18. Effect of the Ginkgo biloba seed extract (EGB) on spatial memory in rats. * p <0.05 
when compared to the saline group. PCM - Piracetam. 

 

In the step-down test for passive training, the animals that had received 
Piracetam at a dose of 600 mg/kg significantly extended the response time during 
the two days of training (respectively p <0.05 and p <0.01) and in the memory tests 
(respectively p <0.05 and p <0.01) compared to the control group. Animals 
receiving the lowest dose of Ginkgo biloba extract (50 mg/kg) significantly 
prolonged the response time on the second day of training (p <0.01) as well as in 
the long-term memory test (p <0.01). The rats receiving the average dose of the 
extract significantly increased latency on day 2 of training (p <0.01) in the short-
term (p <0.05) and long-term memory test (p <0.01). The animals that received 
Ginkgo biloba extract at the highest dose did not significantly change the time on 
the platform during either the training or the two memory tests (Figure 19). 
Behavioral responses in this test are mediated by the hippocampus. Probably the 
observed memory-enhancing effect of the extract is due to the stimulation of long-
term potentiation in the hippocampus. 
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Figure 19. Effect of EGB on latency response time in a step-down test in rats. * p <0.05 when 
compared to the saline group; #p <0.01 when compared to the saline group 

 

In attempts to identify new objects, animals treated with Piracetam at a dose 
of 600 mg/kg significantly increased the identification index compared to the 
control group (p <0.05). Of the three experimental groups, only animals treated with 
the average dose of the extract (100 mg/kg) significantly increased the cognitive 
index (p <0.05) compared to the negative control group (Figure 20). 
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Figure 20. Effect of the Ginkgo biloba seed extract on the identification index in a rat 
identification test. * p <0.05 when compared to the saline group 

 

The main effects of the Ginkgo biloba extract in the central nervous system is 
most likely related to its antioxidant properties, which require the synergistic action 
of flavonoids, terpenoids and organic acids. These compounds act as free radical 
scavengers, considered mediators in the excessive lipid peroxidation and cell 
damage seen in Alzheimer's disease. 
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5. Future perespectives 

While the Ginkgo biloba tree is native to China and its nuts are used in Eastern 
national cuisines, in Bulgaria Ginkgo biloba is not used as food. It has been 
cultivated as a park tree since the late 19th century and several varieties are available 
for landscape. During the period of 2011 - 2014, a partial inventory of the available 
Bulgarian genetic resources of Ginkgo biloba was made in the areas where it is 
distributed. The data from this study show that Plovdiv is the city with the most 
specimens (182) of this tree, and probably their number has increased in the last 7 
years. Only 7.2% of these plants were female. Due to the unpleasant smell of the 
mature fleshy seeds, sometimes already planted female trees have been intentionally 
uprooted after planting. Most of the female plants investigated in the above-
mentioned study work have been 40-50 years old, which shows that in the past no 
attempts have been made to avoid female plants that create problems in landscape 
maintaining. Thus, Ginkgo biloba seeds remain an unwanted and unused natural 
resource. Although they are still unknown as food in Bulgaria, the pursuit of healthy 
and ecological nutrition has led to the entry of exotic, unknown until 10 - 20 years 
ago foods in our country. Maybe it is time we promoted the Ginkgo seeds, because 
they fully meet the definition of functional food – a product that, in addition to 
providing nutrients and energy, favorably modulates one or more targeted functions 
in the body, enhancing a certain physiological response and/or reducing the risk of 
certain disease. They can provide trace elements, albeit in not very high 
concentrations, omega-3 and omega-6 fatty acids, carbohydrates with a low degree 
of digestibility, high content of terpenoids (ginkgolides and bilobalide) with proven 
health benefits. All these arguments are in favor of the idea of promoting Ginkgo 
seeds as a healthy functional food. The limitation of this perspective is the content 
of ginkgotoxin and ginkgolic acid in nuts, so the consumption of more than 10 nuts 
a day can pose health risks. According to other authors, pre-cooking of nuts 
significantly reduces the concentration of ginkgotoxin due to its good water 
solubility. 

Another perspective is a separate use of organic seed extract without toxic 
components, its standardization and utilization of its potential as a nootropic agent, 
similar to leaf extract, as well as purification of residual starch and its application 
in the food and pharmaceutical industries. 
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We hope that the findings included in the thesis, outline future opportunities 
for utilization of this undesirable, due to the environmental problems that creates, 
natural product. 

 

6. Conclusions 
1. Ginkgo biloba seeds contain small amounts of protein (~ 5%) and lipids (~ 

1%). The composition of fats is dominated by unsaturated fatty acids, a significant 
part of which are essential omega-3 and omega-6 fatty acids. 

2. The main part of the dry matter of the seeds is starch (~ 70%), characterized 
by a high content of amylose. A significant part of the starch is resistant to in vitro 
enzymatic hydrolysis, which motivates to refer it to so-called “slow carbs”. 

3. About 6-8% of the seed content represent methanol-soluble secondary 
metabolites, including phenolic acids, flavonoids, tannins and terpene trilactones. 
Unlike the leaf extract, the amount of flavonoids in the seed extract is insignificant, 
and terpenes predominate, the presence of which is associated with the specific 
therapeutic properties of Ginkgo biloba extracts. The amounts of ginkgotoxin and 
ginkgolic acid are significant, so methods must be further developed to eliminate or 
reduce them. 

4. The Ginkgo biloba seed extract has a well-defined radical- scavenging and 
reducing capacity. The evaluation of these antioxidant properties is influenced by 
the presence of soluble chelates of redox (iron and copper) metal ions. 

5. The results of antimicrobial tests show that 13 of the 20 tested 
microorganisms were sensitive to the Ginkgo biloba seed extract. The observed 
antimicrobial activity is weak and further studies on the mechanism of action, as 
well as purification of the extract from inactive components would lead to better 
antimicrobial properties. 

6. Compounds contained in the extract significantly disrupt the proliferation 
and viability of two tumor cell lines - HCT116 (human colon cancer) and A2058 
(lymph metastases in melanoma). This cytotoxic effect is tumor-specific as it is not 
observed in the non-tumor cell line. 

7. Seed extract administered orally at concentrations of 50 and 100 mg/kg 
affected memory and learning functions in rats. The effects of the extract are 
comparable to the ones of the nootropic drug Piracetam. 

8. The data on the chemical composition and biological properties of Ginkgo 
biloba seeds allow to be referred to the so-called functional foods, because in 
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addition to nutrients, they also contain compounds with proven benefits for human 
health.  
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7. Contributions 
1. This is the first report on chemical composition of Ginkgo biloba seeds from 

Bulgarian origin. The presence of different classes of compounds in the seeds 
(flavonoids, terpene trilactones, tannins) was confirmed, a comparison was made 
with the quantities of bioactive compounds in leaf extract, as well as with plant 
material (samples) from other populations. 

2. It has been shown for the first time that the antioxidant properties of plant 
extracts are influenced by the presence of redox active metal ions in them. This 
original scientific contribution has an important methodological application, which 
makes it possible to compare the results in the study of the antioxidant properties of 
plant species of different geographical origin. 

3. Antimicrobial properties of 70% methanol extract of Ginkgo biloba seeds 
on 13 unexplored species of microorganisms have been reported for the first time; 
its minimum inhibitory concentrations were determined. 

4. A strong cytotoxic effect of 70% methanol seed extract on two tumor cell 
lines, the HCT116 and the A2058, was reported for the first time. The registered 
effect was shown to be tumor-specific since was not observed for the non-tumor 
McCoy-Plovdiv cell line. 

5. For the first time, data from in vivo experiments with Ginkgo biloba seed 
extract have been reported, showing that when administered at concentrations of 50 
mg and 100 mg per kg body weight in Wistar rats, the extract improves their 
learning and memory functions to a degree comparable to the synthetic cognitive 
enhancer Piracetam. 
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