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Abstract 
 Lilium ledebourii Bioss is a wild species of Lilium, which grows naturally in Damash Mountains of 
Roodbar, Iran. Secondary metabolite synthesis in plants is one of the most important defensive mechanisms 
applied against various pathogens, and the quality and quantity of those materials depend on the species 
diversity, organs, habitat conditions, and different extraction methods. In this study, phytochemical 
compounds were measured quantitatively and qualitatively. Results showed the existence of secondary 
metabolites in the regenerated plants. Phenolic content was 5.198±0.17 mg in each extract. Radical trapping 
of the diphenyl-picryl hydrazyl test was 3.24 ± 0.52 mg/ml. Antioxidant activity based on reduced iron was 
25.88 ± 1.47 mmol fe+2/g DW. Flavonoid content of L. ledebourii Bioss was 0.78±0.07 mgRE/G. Peroxidase 
and superoxide dismutase's enzymes activity in L. ledebourii Bioss was low. Also, in this study, the 
combination of saponin, cardiac glycosides, Steroids, Alkaloids and Terpenoid was seen qualitative in the L. 
ledebourii Bioss. 
 
Introduction 
 Nature is a rich source of medical metabolites and some of them are found in plants. Extracts, 
which are rich in flavonoid metabolites, through decreasing oxidative stress, protect cells (Maber 
and Hanneken 2005). Phenols and polyphenols are found in many foods and have great 
antioxidant effects (Bouayed et al. 2011). Extracts, which are rich in flavonoid metabolites, 
through decreasing oxidative stress, protect cells (Maber and Hanneken 2005). Phenols and 
polyphenols are found in many foods and have great antioxidant effects (Bouayed et al. 2011). In 
developing countries, due to the side effects of chemical medicines, use of herbal plants in treating 
various diseases and use of natural antioxidants in food industries have been received much 
attention, and studies are increasingly being conducted on the extraction of active biological 
metabolites of plants (Asghari and Mazaheri-tehrani 2010). Plant value is most important because 
of the production and performance of its secondary metabolites (Akinmoladun et al.2007), and 
some of the most important metabolites are alkaloids, flavonoids, tannins, saponins, terpenoid and 
phenolic compounds (Edeoga et al. 2005). As plants are important source of antioxidants, the 
studies in this field have been increased gradually. Those plants which are rich in antioxidant 
metabolites can protect cells from oxidative dangers (Kumaran and Karunakaran 2006). Since the 
different metabolites act based on the different mechanisms, it is obvious that only one method 
cannot provide a comprehensive prediction of the effects of all involved issues of antioxidant 
characteristics (Pellegrini et al. 2000).  
 Some of the well-known methods of measuring antioxidative features, are radical entrapping 
of 1,1-diphenyl-2-2picrylhydralise (DPPH, based on the hydrogen endowing ability of extract) 
(Miliauskas et al. 2004), the study of inhibition of lipoic acid oxidation (BCB), and the evaluation  
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of antioxidant activity of extracts is based on the reduction ability of divalent iron (Benzie and 
Strain 1999).  In fact it shows an estimation of antioxidative characteristics of soluble metabolites 
in water. FRAP method evaluates the antioxidative activity of extracts based on iron reduction 
ability (Deepa et al. (2007). It also shows an estimation of antioxidative characteristics of soluble 
metabolites in water. Gardner et al. (2000) showed that ascorbic acid content has a direct 
relationship with antioxidant metabolites of extract in FRAP method. The refining activity of 
existing free radicals in the extract is studied by DPPH method, and Velioglu et al. (1998) 
reported that it had a linear relationship with existing phenolic and flavonoid metabolites in the 
plant. Phenolic metabolites are a group of compounds which exist in all plants such as fruits, 
vegetables, and cereals. These compounds are secondary metabolites of plants (Taiz and Zeiger 
2002). Naturally, about 8000 different phenolic compounds with the characteristics such as 
involvement in making NDF, the defensive mechanism of the plant, and fruit characteristics like 
color, flavor, taste, exist in plants. In addition, phenolic compounds are considered as indexes for 
identifying physiological stages during fruit growth (Macheix et al.1990). The content of plant 
secondary metabolites such as, pure flavonoids, and their antioxidative characteristics depends on 
the different factors such as weather, species, extraction method, and antioxidant measuring 
method (Kumar and Neelam 2006). Flavonoids and other phenolic compounds are widespread in 
plants and previously various biological activities of these compounds such as antioxidative, 
antibacterial, and anti-inflammatory characteristics have been studied by  (Jamshid et al. (2010).  
 Environmental tensions through increasing production of different types of active oxygen and 
protein-DNA, induce some harms to vital bio molecules such as lipids. In order to decrease 
negative effects of various active oxygens in cells, plant's cells apply different antioxidative 
systems which include an enzyme and non-enzyme factors such as superoxide dismutases (SOD), 
catalase (CAT), and peroxidase (POD) (Singh et al. 1994). Enzyme activities are the most 
important factors in plant resistance to environmental conditions. Superoxide dismutases as the 
key antioxidant mainly in the cytosol, chloroplast, mitochondria, and peroxisome attracted much 
attention of the scientists as it catalyzes radical superoxidase to hydrogen peroxidase (Singh et al. 
1994). Therefore, SOD is considered as one of the important components of the defensive 
mechanism.  
 Lilium ledebourii Bioss is a species of Lilium family and it is an herbaceous and permanent 
plant. This plant has uncovered bulbs of 50 to 150 cm height. It has linear and dagger-like leaves 
which are 10 to 24 cm long and 1 to 2 cm wide. It has white flowers with long peduncles which 
are 13 cm long, and there are 2 to 25 of them in each plant (Zhou et al. 2008). This plant which is 
the rarest species of Lilium grows in few areas of Iran such as Ardebil, Mazandaran, and Gilan 
provinces. In addition to Iran, it only grows in Lankaran in the Azerbaijan Republic (Rechinger 
1989, Zhou et al. 2008). Although few studies have been done on L. ledebourii Bioss (Azadi 
2003, Padasht 2005, Azadi and Khosh-Khui 2007), bioactive compounds of this plant are 
unknown. So, the aim of this study was to evaluate the phytochemical compounds of this native 
plant. 
 
Materials and Methods 
 Lilium ledebourii Bioss bulbs were collected from Damash Mountains and were sent to the 
phytochemical laboratory of Iranian Biological Resource Center. For the preparation of 
Hydroalcoholic extracts 2 g of plant samples were dried by oven dry and freeze dry methods 
(Bernard et al. 2014) and shaken for 24 hrs at 30°C with 150 rpm in hydroalcoholic solution, and 
then filtrated. Finally, extracts were prepared for non-enzyme tests. 
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 During Enzyme extraction in order to obtain cellular extract to study superoxide dismutase 
(SOD), peroxidase and catalase enzymes, about 1 g of fresh plant bulb were put into porcelain 
mortar and after adding liquid nitrogen, it was ground completely. Ground sample 0.5 gr was 
weighted and mixed with the buffer. Based on studied enzyme types, the enzyme extraction buffer 
was prepared. To produce extract one ml of intended buffer was added in the micro tube and was 
centrifuged in 4°C with 125000 rpm for 20 min. 
 To extract superoxide dismutase SOD at 4°C, 50 mM of potassium phosphate buffer with 7 
pH and 0.5 mM EDTA was used. SOD activity was measured using spectrophotometry. One ml of 
reaction solution contains 0.1 mM EDTA, 50 mM phosphate buffer, 13 mM methionine, 75 µM 
NBT, and 0.21 ml molar riboflavin and enzyme supernatant. Covets containing reaction solution 
while were softly shaken for 15 min were put in front of inflorescence light (2 light bulbs with 
250-watt inflorescence) and then sample absorption was read at 560 nm wavelength. In order to 
study enzyme activity, along with sample blank covets, control covets were used which contained 
blank cell, and similar control of sample cell. It should be mentioned that control cell along with 
samples was putted at the light and its wavelength was read as 560 nm, and blank cell putted in 
darkness. The activity of each SOD includes an amount of enzyme which is necessary for 50% 
reduction inhibition of phytochemical NBT under measurement condition (Dhindsa et al. 1980). 
 Extraction buffer for peroxidase (POD) enzyme was 50 mM potassium phosphate buffer with 
7 pH including 0.5 EDTA and was held at 4°C environments. POD activity was studied for one 
min in a reactive solution (1 m/l) including 475 µl guaiacol 475 µl of 100 mM hydrogen 
peroxidase, and 50 µl of extracted enzymatic supernatant and was read against blank cell including 
all materials except enzyme sample. POD activity was measurable through following absorption 
changes in 470 nm wavelength, which is the result of guaiacol oxidation (Polle et al. 1994) 
     To extract catalase (CAT) at 4°C from 50 mM potassium phosphate, the buffer including 1 mM 
EDTA and 2% PVPP was used. Catalase enzyme activity after decreasing H202 absorption 
determined with 39.4 mM/cm extinction coefficient for 2 min at 240 nm. It should be noted that 
some minor changes were applied in the mentioned method. One  mM of reactive solution for 
determining CAT activity includes 10 mM hydrogen peroxidase, 25 mM phosphate buffer, 0.1 
mM EDTA with 7 pH. Every level of catalase enzyme is definable in form of the content of 
enzyme, which decomposes one mM H2O2 in one min in testing condition (Rigo and Rotilio 
1977). 
 The basis of reduction power (FRAP) method is on converting fe3+-TPTZ to fe2+-TPTZ at the 
presence of an antioxidant. FRAP solution contains 0.3 mM buffer acetate (3.6 PH), TPTZ 
solution in 40 mM HCL and 20 mM solution of iron chloride (III) with 1:1:10 sequence. FRAP 
should be prepared freshly. In this method 100 µl of diluted extract with 1.4 ml of FRAP was 
mixed and after 15 min, the absorption in 593 nm wavelength was read (Benzie and Strain 1999). 
 Total phenolic content in all samples was measured in the presence of folin-ciocalteu and then 
a standard graph with different concentrations of galic acid (0.01-0.05 mg/l) was drawn (Fig. 1). 
Some different concentrations which were different for various species were applied in order to 
obtain a linear range of each sample. For this purpose 500 µl of diluted extract were mixed with 
500 µl of folin-ciocalteu, and after 3 min, 500 µl of 0.01 sodium carbonate were added. Finally, 
samples were put in darkness for two hrs at room temperature, and then the absorbance was read at 
765 nm wavelengths. Results were presented in the form of mg GAE/g DW (Fig. 1). One 
important point in measuring the total phenolic content is the production of air bubbles in the 
presence of folin which interferes in absorbance, so before reading absorbance levels, air bubbles 
should be removed by using vortex (Spanos and Wrolstad 1990). 
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Fig. 1. Calibration curve for galic acid standards to measure total phenol. 

 
 Total flavonoid content was measured using aluminum chloride. The solution contains 300 µl 
of diluted solution, 1.6 ml water, and 100 µl of 0.05 sodium nitrate. After 6 min, 150 µl of 10% 
aluminum chloride was added. Next, after 5 min, 0.6 ml of 1 M sodium hydroxide and 250 µl 
water were added and mixed completely by vortex. Then, the absorbance at 510 nm wavelength 
was read immediately. Standard graph with different routine concentrations (10-100 mg/l) was 
drawn and obtained results were presented in form of mg RE/g DW (Hosu et al. 2014). 
 In Inhibitory activity of DPPH free radicals method used for cleansing activity of DPPH 
radical was studied. The method is based on decreasing DPPH solution at the presence of 
hydrogen reducing antioxidants. The 300 µl of 1 mM DPPH were mixed into 100 µl of diluted 
sample and reached to their final volume of 2 ml by the use of methanol. After putting for 30 min 
in darkness, absorption at 517 nm wavelength was read (Sanchez-Moreno et al. 1998) 
 Methods used for the quality analysis of secondary compounds namely, tannin, saponin, 
cardiac glycosides, terpenoid, alkaloids and steroids are as follows: 
 Tanin: 0.5 g of powdered plant was poured into 20 ml of diluted water and warmed indirectly. 
Then the solution was filtrated and finally, some drops of ferric chloride III (0.1 %) were added to 
the extract. Development of brownish green and dark blue colors showed the presence of catechin 
tannin and pyrogallol tannin (Krishnaiah et al. 2009). 
 Saponin: Two grams of plant sample were boiled in 30 ml of diluted water in Bon Mary 
method (Rouhi-Boroujeni et al. 2016) and then it was filtrated. Filtrated samples (10 ml) were 
added to 5 ml of diluted water in a test tube and then the tube was shaken rapidly for about 1 min 
until stable foam produced. Then the produced foam was combined with three drops of olive oil. 
Emulsion (oil in water) and stable foam are representatives of saponin presence in plant extract 
(Krishniah et al. 2009). 
 Cardiac glycosides: One ml of dense sulfuric acid was poured into a test tube and set aside. 
Then 5 ml of diluted watery extract and 2 ml of acetic acid and one drop of ferric chloride were 
mixed together in another test tube. Then the content of the second tube was added to the first in 
such a way that dense sulfuric acid remains at the bottom. If the plant sample includes cardiac 
glycosides, then brown loops will appear (Krishniah et al. 2009).  
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      Terpenoid: Five ml of diluted watery extract was combined with 2 ml of chloroform in a test 
tube and then they were added to 3 ml of dense sulfuric acid to be mixed. Appearance of reddish 
brown layer shows the presence of terpenoid compounds in plant extract (Krishniah et al. 2009). 
 Alkaloids: Two g of the powdered plant was extracted with 8 ml of chloroform and 10 ml of 
ammonia chloroform solution was added. Then the solution was diluted and was transferred to a 
test tube. Sulfuric acid amounting 0.5 ml (2 normal) was added to test tube and was shaken well. 
Finally, 3 drops of Mayer reagent were added. Milk like sediment shows the alkaloids in plant 
sample (Parekh and Chanda 2007)  
 Steroids: 200 mg of plant samples were extracted with 10 mg of chloroform. The solution was 
filtrated and 2 ml of dense sulfuric acid sample was slowly added to 2 ml of acetum anhydrate and 
2 ml of dense sulfuric acid. Blue-green loop shows steroids in the extract (Parekh and Chanda 
2007). 
 
Results and Discussion 
 Analysis of Phytochemical metabolites in L. ledbourii Bioss showed the activity of 
superoxide dismutases, peroxidase, antioxidants, phenolic compounds and flavonoid but no 
catalase (Table 1).  
 

Table 1. Results of phytochemical metabolites in L. ledebourii Bioss. 
 

Plant Superoxide 
dismutases Peroxidase Catalase  Antioxidants Phenolic 

compounds Flavonoid 

L. ledebourii * *  * * * 

 *= Plant secondary compounds 
 

      The activities of superoxide dismutase and peroxidase enzymes were 13.82 ± 0.74 and 0.033 ± 
0.002 µM/min, respectively (Table 2). Which shows that the activity of these enzymes in the bulb 
of L. ledebourii Bioss was low. 
 

Table 2. Analysis of enzyme tests in L. ledebourii Bioss. 
 

Explant SOD (µM/min) POD (µM/min) CAT (µM/min) 

Bulb  0.74± 13.82  0.002± 0.033 - 
 

SOD = Superoxide dismutases, POD = Peroxidase, CAT = Catalase. 
 

 Superoxide dismutase (SOD) plays a protective role in plants. SOD is antioxidative which 
catalases more active superoxide anions and converts them to oxygen and less active types of 
hydrogen peroxidase. SOD causes stability of cell membrane of plants during drought (Jose et al. 
1999). Plant peroxidases, which are widely spread enzymes in organic plants, play important role 
in antioxidative defensive system of the cell and detoxificate reactive oxygen species. PODs 
protect the cell against toxic amounts of H2O2 (Parida and Das 2005). No activity was observed 
for catalase in this plants (Table 2). Catalase enzyme protects cells against hydrogen peroxidase. 
and is necessary for some cells under the natural conditions. It plays an important role in 
resistance to oxidative stress in adoptive reactions of cells (Fridovich 1995). One important 
method for losing H2O2 is peroxidase. This enzyme which is found in all over the cell has more 
combining affinity to H2O2 than catalase (Jimnez et al. 1997). Plants can identify environmental 
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stresses and react to them. Like to other organisms, they activate radicals in reaction to biotic and 
abiotic stresses. In plants, producing reactive oxygen species (ROS) is for their adaptability and 
tolerance to different biotic and abiotic stresses. In this point of view, the activity of enzymes such 
as catalase (CAT), peroxidase (POD), and superoxide dismutases (SOD) thereby neutralize the 
activity of produced ROS in cells. Also, producing ROS in plant cells causes stimulations and 
increased activity of referred enzymes (Dat et al. 2000). 
 Flavonoid antioxidant activity in L. ledebourii Bioss based on freeze and oven dry methods 
was 0.78 ± 0.07 and 0.42 ± 0.02 mg RE/g DW, respectively (Table 3).  The value of 0.78 ± 0.07 
mg RE/g is less than Flavonoid compounds (41.34 mgRE.g-1DW) reported by Jin et al. 2012. The 
best method for drying non-enzymatic tests is freeze dry method. Flavonoids are a big group of a 
phenol compound with low molecular weight whose basic skeleton is formed by three benzene 
chains and a hydroxyl group. Mint (Mentha) extract has many phenol and flavonoid compounds 
and shows a good antioxidative activity (Sweetie et al. 2007). 
 FRAP method which studies the anti oxidative activity of extract based on iron rehabilitation 
ability, in fact, shows an estimation of antioxidative characteristics of soluble metabolites in water 
(Deepa et al. 2007). Enzymes are a group of proteins, which plays an activating role in the main 
metabolic pathway of plants. FARP antioxidant activity in L. ledebourii Bioss explants, based on 
freeze dry and oven dry methods was 25.88 ± 1.48 and 7.79 ± 0.48 µM fe2+/g DW, respectively  
(Table 3). FRAP method which studies the anti oxidative activity of extract based on iron 
rehabilitation ability, in fact, shows an estimation of antioxidative characteristics of soluble 
metabolites in water (Deepa et al. 2007). Enzymes are a group of proteins, which play activating 
role in the main metabolic pathway of plants.  
 The antioxidative defensive system is active in all growth steps of plants. The acts of these 
antioxidants differ, and their change depends on some factors such as maturity, weather, used parts 
of plants, harvest conditions (Mejia et al. 1988). During plant growth, phytochemical changes 
affect their antioxidative activity and influence the quality of different fruits and vegetables in 
particular periods of time (Conforti et al. 2007). Strong ant oxidative activity of extracts is related 
to the high levels of existing phenols and flavonoids in extracts (Shukla et al. 2009, Sun et al. 
2011).  
 DPPH is a free radical with nitrogen as its central atom, which changes its color from purple 
to yellow when it is rehabilitee and is converted to DPPH-H stable molecule. DPPH radical own 
515 to 528 nm absorption level, but as rehabilitee by an antioxidant, its absorption lessens. The 
antioxidative activity of samples appears in the disappearance of purple and final emerging 
yellow. This reaction is performed rapidly (Khalili and Ebrahimzadeh 2015). Trapping activity of 
DPPH free radicals based on freeze dry method was 3.24 ± 0.52 mg/ml while trapping activity of 
DPPH free radical in L. concolor was 4.531 TE µM/g (Jin et al. 2012). Thus, trapping activity of 
DPPH free radical in L. ledebourii Bioss is lower than L. concolor and this is due to the low 
amount of phenolic compounds in L. ledebourii Bioss than L. concolor. DPPH is a stable free 
radical with nitrogen as the central atom which changes its color through reduction and converting 
2, 2 diphenyl-1-picrylhydrazyl color from purple to yellow. DPPH in L. ledebourii Bioss explants 
using freeze and oven dry methods was 3.24 ± 0.52 and 11.27 ± 0.97 mg/ml, respectively (Table 
3). Inhibitory activity of DPPH free radicals in plant extracts depends on the density and as density 
increases, inhibitory effect exceeds too (Shukla et al. 2009). Compositions in these extracts are 
able to give electrons to active free radicals.  
 Total phenol content that measured using Folin-Ciocalteu method (Sponos and Wrolstad 
1990) and the linear equation of the standard curve was 1 mg of extract. The result of total 
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phenolic content was calculated from the regression equation of the standard plot (Y = 18.82x-
0.0844, R2 = 0.9983) (Fig. 1).  
           The total content of phenol for L. ledebourii Bioss extract obtained by the use of Freeze 
Dry and Oven Dry methods was 5.198 ± 0.17 and 1.814 ± 0.05 mg GAE/g DW of extract, 
respectively (Table 3). Increase in the density of phenolic compounds directly increases the 
capability of different extracts in trapping free radicals (Yong et al. 2009). The total content of 
phenolic compounds is not an exact and stable criterion to prove the high antioxidative power of a 
sample, but its nature, diversity, and the amount of phenol and flavonoid are main indexes to 
determine high anti oxidative power. L. ledebourii Bioss bulb, a native flower in Iran, has 
considerable amounts of phenol compounds in freeze dry method (5.198 mg/g of extract). This is 
much lower than that in  L. concolor (389.76 mg in extract) reported by Jin et al. (2012). This 
indicates that phenolic compounds in L. ledebourii Bioss bulbs have very little activity. In all 
plants, antioxidative activity has a direct relationship to phenol and flavonoid levels. Mint 
(Mentha) extract has many phenol and flavonoid compounds and shows a good antioxidative 
activity (Sweetie et al. 2007). Rosemary (Rosmarinus officinalis L.) extract has high anti oxidative 
activity and this activity is in a close relationship with plants phenol content (Elmasta et al. 2006). 
 

Table 3. Results of the non-enzyme test in L. ledebourii Bioss bulb explants. 
 

Drying method Flavonoid 
mg RE/g DW 

FRAP 
µM Fe2/g DW 

DPPH (IC50)  
mg/ml 

Total Phenol 
 mg GAE/g DW 

Oven Dry 0.02 ± 0.42 0.48 ± 7.79 0.97 ± 11.27 0.05 ± 1.814 

Freeze Dry 0.07 ± 0.78 1.47 ± 25.88 0.52 ± 3.24 0.17 ± 5.198 
 

FRAP = ferric reducing/antioxidant power and DPPH = 2,2-diphenyl-1-picrylhydrazyl 
 

 Iron III rehabilitee method is applied as a criterion for electron endowing ability of phenolic 
compositions. It forms an important mechanism in oxidation process of phenol composition. 
Electron endowing capacity (rehabilitating power) is related to the anti oxidative activity of 
biological compounds (Arabshani-Delouuee and Urooj 2007).  
 Existence of some secondary metabolites namely cardiac glycosides, tannin, saponin, steroids, 
alkaloids and terpenoid in the bulb of L. ledebourii Bioss. was ovserved. Presence of tannin 
activity was not observed (Table 4).  
 

Table 4. Analysis of phytochemical compounds in L. ledebourii Bioss. 
 

Plant  Cardiac glycosides Tannin Saponin Steroids Alkaloids Terpenoid 

L. ledebourii *  * * * * 

*= Plant secondary compounds. 
 

 Considering the results, the importance  of this research and the importance of this domestic 
plant these kinds of investigations are crucial and valuable. Although these tests are the 
introductory identification of chemical components, but open the path to further researches where 
new techniques could be applied.    
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