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chief component of Chyavanprasha (a herbal 
combination) product selling in the global market. 

Among others, Lilium polyphyllum (family 
Liliaceae), trade name Ksirakakoli, is a bulbous herb, 
native to the Afghanistan (temperate) and India, 
Nepal, Pakistan (tropical Asia) of Himalaya. The 
perennial plant bulb has been reported in therapeutic 
uses for seminal weakness, haematemesis, 
rheumatism and intermittent fever15. Traditionally, 
bulbs are shade dried and cooked with potatoes in 
mustard oil to enhance sexual potency; oil (bulb 
powder with Asparagus racemosus) is used for body 
pain; bulb powder with Astavarga plants to treat 
impotency14. Due to medicinal properties of  
L. polyphyllum, domestication efforts were conducted 
in Garhwal Himalaya16. Other species of the genus 
Lilium (110 species) has been reported to be used as 
food and traditional medicines17,18. However, Lilium 
polyphyllum, inspite of its importance in traditional 
healthcare system, detail investigation on its 
morphological traits, biochemical and antioxidant 
properties in the samples collected from different 
populations are lacking, which is an important 
indicator for determining the diversity. Keeping this 
in view, here, we attempt to investigate: (i) the 
variation in morphological, biochemical and 
antioxidant activity in different populations, and (ii) 
establish relationship among the different measured 
parameters. The data generated will form the baseline 
for future research programme on this species. 
 

Materials and Methods 
 

Plant material and morphological attributes 
Field visits were conducted in different parts of 

Garhwal Himalaya, Uttarakhand, India known for 
natural populations of L. polyphyllum and subsequently 
three populations were identified for detail 
investigations. Description of characteristics of sites 
i.e., Dhanaulti, Bhangeli and Gangotri is presented 
(Table 1). Considering the critically endangered status 
of species on IUCN Red List19,20 experiments were 
designed and conducted by using minimum number of 
samples to provide optimum information. 

Morphological parameters were recorded for ten 
mature individuals randomly selected from each 

population. We recorded several parameters of plant 
morphology, including plant height (PH), leaf number 
(LN), leaf length (LL), leaf width (LW), seed pod 
length (SPL), pod diameter (PD), number of seed per 
pod (NSPP), seed diameter (SD) and seed weight 
(SW) (n=10 seeds). For bulb morphology, we dug the 
plants out of the soil, washed the bulbs under running 
water, and measured various parameters, including 
bulb length (BL), bulb diameter (BD), number of 
roots per bulb (NRPB), root length (RL), bulb fresh 
weight (BFW) and bulb depth in soil (BDIS). We 
measured bulb length with a scale and bulb diameter 
with a digital vernier calliper (Mitutoya, Japan). To 
estimate bulb biomass, we dried the bulbs at 40°C in 
an oven until they reached a constant weight.  
 
Biochemical analysis 

Freshly collected bulbs were brought to the 
laboratory in an ice box and crushed in liquid nitrogen 
to make fine powder and stored in ultra-cold freezer 
(−180°C) for biochemical estimations. The samples 
were used to estimate variation in different 
populations for soluble sugars, protein content, and 
isoenzymes. Soluble sugar and starch were determined 
using Anthrone method21-23, total free amino acid and 
soluble protein23. The polypeptide patterns were studied 
by the SDS-PAGE method as described24. Similarly, the 
soluble protein was extracted by above mentioned 
method and quantified using the method23. Isoenzyme 
variation was analyzed on 10% polyacrylamide slab gels 
at a constant current of 20 mA in an electrophoresis 
apparatus. Esterase, peroxidase and acid phosphatase 
was detected following the methods25,26. Considering the 
rare status of species, total phenol, flavonoid and 
antioxidant properties was measured only in the 
samples of Gangotri and Dhanaulti population. 
 

Extract preparation for total phenol, flavonoid and antioxidant 
properties 

Dried bulb (1 g) was extracted in 100 mL of 80% 
(v/v) methanol in orbital shaker at 22°±1°C for 12 h 
with non-stop shaking and sonicated at 50 Hz for  
10 min. The extract was centrifuged at 8000 rpm for 10 
min, supernatant collected and kept at 4°C until use to 
measure total phenolics, flavonoid and antioxidant 
activities.  

Table 1 Site characteristics of selected populations of Lilium polyphyllum 

Population Altitude (m asl) Latitude Longitude Aspect Slope (°) Habitat 

Dhanaulti 2200 30°42’N 78°25’E North east 30 Under canopy of Cedrus deodara 
Bhangeli 2400 30°91’N 78°68’N North east 30 Moist habitat  
Gangotri 3200 30°99’N 78°94’E North east 34 Under canopy of Cedrus deodara 
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Quantification of total phenolic contents 
Total phenolic content in the methanolic extracts 

were identified27 with slight modification28. Briefly, 
0.25 mL methanolic extract was diluted with 2.25 mL 
distilled water, followed by the adding  
0.25 mL of Folin-Ciocalteu’s reagent. The mixture 
was permitted to stand for 5 min at 22°±1°C. Further, 
the mixture was neutralised by adding 2.50 mL of 7% 
(w/v) sodium carbonate. This mixture was placed in 
dark at 22°±1°C for 90 min. Absorbance was then 
measured at 765 nm with the Hewlett Packard  
UV-Vis spectrophotometer (Hitachi, Tokyo, Japan). 
Quantification was completed on the basis of standard 
curve of gallic acid prepared in 80% methanol (v/v) 
and results were observed in milligrams gallic acid 
equivalent (GAE) per gram dry weight. 
 
Quantification of total flavonoid contents 

Total flavonoid content in the methanolic extract of 
bulb sample was identified by aluminium chloride 
calorimetric method with modification29. Briefly, 0.50 
mL methanolic extract was diluted with 1.50 mL 
distilled water, followed by the addition of 0.50 mL of 
10% (w/v) aluminium chloride, 0.10 mL of 1.0 M 
potassium acetate, and 2.80 mL of distilled water. 
This mixture was incubated at 22°±1°C for 30 min. 
Further, the absorbance of mixture (resulting reaction) 
was recorded at 415 nm UV-Vis spectrophotometer 
(Hitachi U-2001). Flavonoids quantification was 
conducted on the basis of standard curve of quercetin 
prepared in 80% methanol and results were measured 
in mg quercetin equivalent (QE)/g dw plant material. 
 
Determination of antioxidant activity 

The antioxidant activities of the extracts of Lilium 
polyphyllum bulbs was measured by using three 
different in vitro assays viz., ABTS (2,2- Azinobis-3-
ethylbenzoth-iazoline-6-sulphonic acid), DPPH (1,1- 
Diphenyl-2-picryl-hydrazyl radical), and FRAP 
(Ferric reducing anti-oxidant potential) assays. 
 
The ABTS assay 

For the production of ABTS cation (ABTS˙+), 
ABTS (7.0 μM) salt and 2.45 μM potassium 
persulphate was added and placed in dark for 16 h at 
23°C. The ABTS˙+ solution was diluted with 80% 
(v/v) deionized water to obtain an absorbance of  
0.70 ± 0.05 at 734 nm. To analyse the sample,  
3.90 mL of diluted ABTS˙+ solution was added to 
0.10 mL of methanolic extract. The reaction mixture 
was carefully mixed and permitted to stand for 6 min 
(dark, 22°±1°C). Further, absorbance was measured at 

734 nm by spectrophotometer. To attain 20-80% 
reduction in absorbance at 734 nm with respect to 
blank that was developed with 0.10 mL 80% (v/v) 
methanol, samples were diluted with 80% (v/v) 
methanol. A standard curve of several concentrations 
of ascorbic acid was developed in 80% (v/v) methanol 
for the equal concentration of antioxidant potential 
with respect to ascorbic acid. Results were observed 
in millimole (mM) ascorbic acid equivalent (AAE) 
per 100 gram dry weight. 
 
The DPPH assay  

25 mL of 0.4 mM DPPH reagent was prepared in 
80% ethanol (v/v) and mixed with 25 mL of 0.2 M  
2-(N-morpholino) ethanesulphonic acid (MES) buffer 
adjusted to pH 6.0 with 1.0 M NaOH, then 25 mL of 
20% (v/v) ethanol was added. Subsequently, 2.7 mL 
of this DPPH radical cation preparation was mixed 
with 0.9 mL of the 80% (v/v) methanolic extract of 
bulb sample and allowed to stand for 20 min at 
22°±1°C in the dark. The decline in absorbance at  
520 nm was recorded in a U-2001 UV-VIS 
spectrophotometer (Hitachi). Results were recorded as 
millimole (mM) ascorbic acid equivalent per 100 gm 
dry weight. 
 
The FRAP assay 

FRAP assay was performed followed by method30 
with minor modification. The stock solutions 
comprised 300 mM acetate buffer (3.1 g CH3COONa 
and 16 mL CH3OOH), pH 3.6, 10 mM TPTZ (2, 4,  
6-tripyridyl-s-triazine) solution in 40 mM HCl, and  
20 mM FeCl3ꞏ6H2O solution. The fresh solution was 
developed by adding 25 mL acetate buffer, 2.5 mL 
TPTZ, and 2.5 mL FeCl3ꞏ6H2O and kept at 37°C. 
Plant extracts (0.100 mL) allowed to react with  
2.9 mL of the FRAP solution for 8 min (dark 
condition) and measurements were taken at 593 nm. 
Results expressed as millimole (mM) ascorbic acid 
equivalent per 100 g dry weight. 
 
Statistical analysis 

Morphological parameters were statistically 
analysed using one-way Analysis of Variance 
(ANOVA) with Least Significant difference (LSD) at 
level of significance (5%). The statistical analysis was 
conducted using SPSS 19.0 program.  
 

Results 
 

Morphological attributes 
A significant variation in different morphological 

traits was recorded among different populations of  
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L. polyphyllum. Bhangeli population (2400 m asl) had 
the tallest plants, with a maximum height of 90.40 cm, 
while the Gangotri population (3200 m asl) had  
the shortest plants, with a minimum height of  
70.70 cm. In terms of seed morphology, plants 
collected from Gangotri had the longest seed pod 
length (4.98 cm) compared to all other populations 
(Table 2). The longest bulb (6.28 cm) was recorded  
in Bhangeli population (2400 m asl), while  
the smallest (4.75 cm) was found in Gangotri  
(3200 m asl) (Table 3). The bulb was located deeper 
in soil (30.82 cm) in Gangotri compared to Dhanaulti 
(20.86 cm). A significant variation was found in leaf 
number, leaf length, leaf width, but no significant 
variation in seed pod length. Significant variation  
was also observed in bulb diameter, fresh weight and 
root number. 
 

Biochemical estimation 
Variability in biochemical parameters were also 

observed in the study, maximum total soluble sugar 
(116.14 mg/g) and starch content (122.43 mg/g) was 
found in Gangotri population (3200 m asl). Minimum 
total soluble protein (7.81 mg/g) reported in Dhanaulti 
whereas maximum (11.35 mg/g) in Bhangeli. Total 
free amino acid (26.00 mg/g) was maximum in 
Bhangeli population (Fig. 1A-1D). 
 
Polypeptide pattern 

In Lilium polyphyllum, few polypeptide bands were 
resolved although, band pattern was different in all the 
populations. The banding pattern revealed that 7 bands 
appeared in Dhanaulti and Bhangeli population while 

only 5 bands in Gangotri population. The band 
intensity was dark in Bhangeli and followed by 
Dhanaulti population, while poor bands were resolved 
in Gangotri population (Fig. 2).  
 
Isoenzyme analysis 
 
Peroxidases 

Three band were present in Bhangeli population  
while two bands were observed in Dhanaulti and 
Gangotri populations. The band intensity was dark in 
Gangotri followed by Dhanaulti, Bhangeli population 
(Fig. 3).  
 
Acid phosphatase 

Likewise, peroxidase pattern, acid phosphatase 
band pattern was also similar in all the populations  
of L. polyphyllum. Overall, three bands of  
different intensity were observed. However, the band 
intensity was high in Gangotri population, whereas, it 
appeared poorly in Bhangeli and Dhanaulti 
populations (Fig. 4).  
 
Esterase 

Variation in esterase pattern between the populations 
was also observed in L. polyphyllum. Five bands  
appear in all the populations. However, all the bands 
had different band intensity. Comparatively, band 
intensity was highest in Dhanaulti population followed 
by Gangotri and Bhangeli populations (Fig. 5). 
 
Total phenol, flavonoid content and antioxidant activity  

In bulbs of L. polyphyllum total phenol content was 
estimated 5.45 mg GAE/g dw, total flavonoid  content  

Table 2  Plant and seed morphological attributes of Lilium polyphyllum individuals in different populations, Uttarakhand 

Population Plant  
height 

Leaf 
no. 

Leaf  
length 

Leaf  
width 

Seed pod 
length (cm)

Seed pod 
diameter 

Seed/pod Seed weight 
(mg) n=10 

Seed  
diameter (mm)

Dhanaulti 78.70±2.03 45.30±4.42 8.35±3.25 1.60±0.32 4.83± 0.10 17.02±0.19 96.00±1.00 186.00±11.53 9.31±0.05 
Bhangeli 90.40±5.89 70.90±5.78 10.80±2.70 1.73±0.34 4.84±0.02 16.09±0.20 101.20±2.65 166.80±10.82 8.74±0.16 
Gangotri 70.70±1.28 40.00±3.82 7.80±2.23 0.95±0.11 4.98±0.24 17.99±0.20 140.00±9.17 134.60±7.00 7.69±0.21 
P value P <0.001 P <0.001 P <0.05 P <0.001 ns P <0.001 P <0.01 P <0.05 P <0.01 
LSD at 5% 2.29 2.75 1.53 0.17 0.23 0.24 8.77 15.78 0.21 

Source20,31 
 

Table 3 Bulb morphological attributes of Lilium polyphyllum individuals in different populations, Uttarakhand 

Population Bulb length Bulb diameter Bulb fresh wt. Bulb biomass Bulb root length Bulb root no. 

Dhanaulti 5.98±1.92 34.87±3.65 35.61±2.24 12.76±3.88 7.67±0.82 27.33±3.56 
Bhangeli 6.28±0.39 39.69±4.52 38.15±3.45 14.30±3.36 7.57±0.76 29.00±2.83 
Gangotri 4.75±1.51 23.16±5.34 30.55±2.73 10.61±1.73 7.20±3.75 24.00±2.00 
P value ns P <0.001 P <0.001 ns ns P <0.001 
LSD at 5% 0.83 2.72 1.56 1.93 1.28 1.52 

Source20,31 
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was 4.90 mg QE/g dw. ABTS activity was recorded 
4.22 mM /100 g, DPPH activity was recorded,  
0.85 mM/100 g and FRAP activity was recorded  
1.50 mM/100 g dw 1.50 mM/100 g dw ascorbic acid 
equivalent, respectively, (Table 4).  

 
 

Fig. 1A-D Biochemical variation in Lilium polyphyllum populations, Uttarakhand 
 

 
 
Fig. 3  Peroxidase activity in different populations of 
L. polyphyllum 

 
 
Fig. 2  Polypeptide pattern in different populations of
L. polyphyllum 
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Discussion  
In this study morphological traits of L. polyphyllum 

were studied to understand the variation in wild 
populations. Morphological traits are an indicator of 
genetic variability, which may be used to identify 
superior germplasm. Among the sites, Bhangeli 
(2400 m asl) population performed best with plant 
morphology (plant height, leaf length, leaf number, leaf 
width) and underground bulb parameters (bulb length, 
diameter, biomass). Considering the medicinal usage of 
bulbs in Ayurvedic and modern medicines, this 
population can be considered as an elite source of 
germplasm for harnessing the higher biomass. As 
Bhangeli population grows in open site where less 
competition for resources, while other populations 
grow under canopy of Cedrus deodara (low period of 
sunlight, more competition for light) indicates that 
sunlight could be one of the factors influence the 

morphological traits of the species20. Similar habitats 
and association of the species with Cedrus deodara 
forest have been described earlier from other 
regions33,34. Moreover, studies on Polygonatum 
species35, Lilium canadense36 and Picrorhiza kurrooa37  
also supports that open sites are favourable for 
obtaining superior morphological traits. Previous 
studies also reported similar observations on 
morphology of Lilium species e.g., L. longiflorum,  
L. formosanum38; L. lijiangense39; Lilium canadense36; 
L. martagon40. However, fruit and seed morphology, 
i.e. pod length, pod diameter showed moderate 
variation among three populations of L. polyphyllum. 
Maximum seed weight was due to highest seed 
moisture content of the seeds in Dhanaulti population. 
Maximum seeds produced in Gangotri population; it 
may be a strategy to maintain seed bank in harsh 
climatic conditions which help to reduce extinction risk 

 
 
Fig. 4  Acid phosphatase activity in different populations of
L. polyphyllum 

Table  4  Total phenolics, flavonoids and antioxidant capacity in the bulb of Lilium species 

Species Total Phenolic  
content 

Total Flavonoid 
content 

Antioxidant activity Source 

ABTS DPPH CUPRAC/ FRAP*
L. polyphyllum 5.45 ± 0.06  

(mg GAE/g) 
4.90 ± 0.12  
(mg QE/g) 

4.22 ± 0.10 
(mM/100 g) 

0.85 ± 0.07 
(mM/100 g) 

1.50 ± 0.09* 
(mM/100 g) Present study 

L. concolor 3897.60 ± 42.54 c 
(GAE mg/100g) 

413.45 ± 2.03 c
(RE mg/100g) 

1143.67 ± 11.28 a
(TE µmol/100g) 

455.31 ± 7.21 d
(TE µmol/100g)

1025.14 ± 45.68 b
(TE µmol/100g) 

32 
L. davidii var. unicolor 2017.17 ± 140.20 f 150.53 ± 3.66 f 848.49 ± 9.17 b 404.48 ± 14.59 e 595.61 ± 7.24 e 
L. lancifolium 2827.25 ± 55.50 d 227.24 ± 3.66 e 10.75.51 ± 2.94 a 541.27 ± 3.43 b 842.04 ± 8.32 c 
L.leucanthum 2336.00 ± 29.28 e 521.19 ± 17.77 b 889.38 ± 13.42 b 507.64 ± 6.85 c 799.34 ± 5.81 d 
L. pumilum 4177.39 ± 57.19 b 339.13 ± 9.17 d 1091.96 ± 5.70 a 546.51 ± 9.77 b 1044.10 ± 11.30 b
L. regale 10381.49 ± 49.12 a 1428.21 ± 38.52 a 1173.28 ± 11.41 a 600.33 ± 2.24 a 1438.01 ± 16.56 a

 
 

Fig. 5  Esterase activity in different populations of 
L. polyphyllum 
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of rare species. However, bulb located deepest in 
Gangotri compared to other populations might be due 
to harsh climatic conditions of the region and 
contractile roots of bulb which anchor and pull the bulb 
deeper in soil14.  

The carbohydrate and soluble protein content 
increased with the increase in altitude from Dhanaulti 
to Gangotri indicating the adaptive significance of 
these molecules to sustain the harsh climatic conditions 
at higher altitudes. Similar observation reported in 
Polygonum species41. The amino acid content did not 
follow such trends and highest free amino acid content 
was observed from Bhangeli, reflecting the variation 
due to other environmental conditions such as 
topography, rainfall, temperature, etc. and neglecting 
the influential role of altitude. This also gives evidence 
of importance of age and season on the plant.  

In the present study, SDS-PAGE of protein in  
L. polyphyllum acclimatized at three different altitudes 
revealed that high degree of variability was observed in 
Bhangeli and Dhanaulti populations while low degree 
of polypeptide variability was observed in Gangotri. In 
L. polyphyllum, heavier and maximum bands were 
observed in Bhangeli population might be due to open 
canopy sustaining heavy frost and therefore, adverse 
conditions existing there, as the certain heat shock 
protein level enhanced with cold acclimation42.  

Variation in isoenzymes pattern among the three 
populations of L. polyphyllum was noticed in the 
present study. Although, some shared bands of 
isoenzymes (peroxidase, esterase, acid phosphatase) 
were available in three populations, few of the 
peroxidase, esterase, acid phosphatase bands were 
population specific. This type of variation in isoenzyme 
was also recorded among various Aconitum 
heterophyllum populations43 and two Angelica species44.  

Only two common bands among the three 
populations studied were observed in L. polyphyllum. 
Overall, only three bands were traced. Populations of 
L. polyphyllum showing moderate peroxidase activity 
suggesting that the species may adapt to a wider range 
as supported by its distribution from 2,200 m to  
3200 m asl20. Only one common band of acid 
phosphatase was observed among populations of L. 
polyphyllum. Variation in the band pattern of acid 
phosphatase might be due to variation in altitudes as 
acid phosphatase reportedly rises during heat 
hardening and an adaptive implication of this enlarged 
thermo stability has also been recorded in Angelica 
species44. A number of esterase bands were observed 

in L. polyphyllum reflecting the genetic diversions due 
to different populations at different altitudes. Also, the 
variation showed by isoenzymes through band 
intensity in diverse populations may be an adaptive 
character of the populations in different habitats43,44. 
Isoenzyme analysis and polypeptide patterns has been 
very valuable in conservation of genetic diversity and 
crop improvement. The degree to which genetic 
diversity permit a species to endure or to acclimatise 
climatic variations depends on a positive association 
among natural and adaptive genetic variation.  

The present study revealed that the extract of  
L. polyphyllum contains phenols and flavonoid 
compounds and show the antioxidant activity. This 
validated the use of the species as an ingredient of 
Astavarga component which are known for its vitality 
strengthening properties. L. polyphyllum scavenging 
property might be due to the presence of hydroxyl 
group in the phenolic compounds. It is a chemical 
structure which delivers the essential component as a 
radical scavenger. The compounds that hold 
antioxidant activity may impede mutation and  
cancer because they induce antioxidant enzymes or 
scavenge free radicals. Antioxidant activities have 
reported in Lilium species32and several medicinal 
plants2,45-49. 
 

Conclusion 
The present study revealed significant difference in 

morphology, biochemical parameters and confirmed 
antioxidant property of L. polyphyllum bulbs. The 
range of variation in quantitative traits can be 
leveraged for initiating breeding, domestication and 
conservation program in the Himalayan region. The 
study can also help to identify promising populations, 
suitable habitat conditions, and altitudes that may be 
utilized for selecting high-quality plant material of 
Lilium polyphyllum. The antioxidant properties of the 
species suggest that the consumption of the plant in 
various formulations can promote vitality and have 
anti-aging effects. Bhangeli population can be an 
ideal germplasm for mass multiplication and market 
demand of the target species. These findings can be 
further helpful for sustainable utilization and 
developing agro-technological practices in diverse 
environmental conditions. 
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