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Abstract 

Water lily (Nymphaeaceae antares) contains a vast array of phenolic compounds with 

important natural antioxidative properties that could inhibit the adverse effects of the 

reactive oxygen species produced in living things. These substances are complex in 

composition which requires a suitable extraction medium to exploit the phenolic 

compounds. This study was designed to determine the antioxidative properties in petal and 

stamen of water lily extracted using different extraction solvents namely ethyl acetate and 

60% methanol. Antioxidant properties of the samples were determined using 2,2-diphenyl

-1-picrylhydrazyl (DPPH) radical scavenging activity, ferric thiocyanate (FTC) method, 

thiobarbituric acid (TBA) test, total phenolic content (TPC), total flavonoid content (TFC) 

and total tannin content (TTC) along with individual flavonoids content using High 

Performance Liquid Chromatography (HPLC). The yield of extract was found to be the 

highest in petals extracted with 60% methanol (44.55±1.63%) while stamen extracted with 

ethyl acetate yielded the lowest (24.50±1.09%). In the DPPH inhibition method, petal 

extracted with ethyl acetate obtained the highest scavenging activity (89.15±3.62%). FTC 

analysis revealed that ethyl acetate extract of petal experienced the highest percentage 

inhibition (76.70±6.48%) while in TBA analysis ethyl acetate extract of stamen exhibited 

the highest percentage inhibition (70.78±1.39%). Flavonoids such as quercetin, 

kaempferol, rutin, gallic acid, catechin, epigallocatechin, p-coumaric acid and myricetin 

were found to be present in ethyl acetate and 60% methanol extracts of water lilies stamen 

and petal. The information from this study indicates that water lily petals and stamens may 

be integrated as a good source of nutrients in the food industry, the pharmaceutical 

industry. If the advantages of water lily are not used and integrated into everyday life for 

health benefits, it will be a massive waste of natural resources. 

1. Introduction 

Poor diets are one of the major contributors to health 

issues such as chronic disease aetiologies such as heart 

disease and cancer in children and adults (Shukri et al., 

2018). However, substantial evidence suggests that the 

use of natural plants plays a role in the maintenance and 

prevention of disease (Cory et al., 2018). However, 

determining what constitutes a balanced diet remains 

controversial, since it is difficult to unequivocally assign 

beneficial and harmful properties to the different 

components of the many foods we eat. Some of these 

protective effects may be due to flavonoids, which are 

widely distributed in plant-based foods at varying levels 

(Quero et al., 2020).  

Flavonoids have recently attracted considerable 

concern due to their possible beneficial effects on human 

health (Chong et al., 2020). Antiviral, anti-allergic, anti-

platelet, anti-inflammatory, antitumor and antioxidant 

activity has been identified (David et al., 2016). 

Flavonoids may help provide protection against 

these diseases by contributing, along with 

antioxidant vitamins and enzymes, to the total 

antioxidant defence system of the human body. 

Antioxidants are compounds that protect cells against the 
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damaging effects of reactive oxygen species, such as 

singlet oxygen, superoxide, peroxyl radicals, hydroxyl 

radicals and peroxynitrite (da Silva et al., 2010). Recent 

studies have demonstrated that flavonoids found in 

fruits and vegetables may also act as antioxidants 

(Karak, 2019). This is the reason people nowadays are 

eagerly seeking safe natural antioxidants for 

consumption purposes. It is the responsibility of the food 

industry to develop new products containing flavonoids 

and perform research on various parts of plants to 

discover its type of flavonoids and the amount of 

antioxidant content that it holds (Panche et al., 2016). 

Water lily is a tropical plant that requires a plentiful 

sunlight supply (Yu et al., 2018) that grows abundantly 

in Malaysia. Water lily is an aquatic plant frequently 

found along the edges of ponds, lakes, and streams 

(Crane and Friis, 2020). They have distinctive large 

rounded leaves or lily pads and flowers that can be 

white, yellow, or pink. In addition to proliferating in the 

wild, these plants are also grown in personal pleasure 

gardens and small water pools all over the world. Water 

lily is an aquatic herb of genus Nymphaea, from the 

family of Nymphaeaceae (Chen et al., 2017). The 

peduncle can push the leaves and flowers very high 

above the water. The roots of water lily can absorb 

poisonous substances like mercury, lead, phenol, and 

filter the microorganism in water, it plays an important 

role in decontaminating water, afforesting and 

landscaping (Zhu et al., 2012). Flowers and roots of 

water lily can both be made into tea and liquor, and the 

whole plant has been useful in the therapies of nephritis 

and is apparently a detoxicant and aphrodisiac along with 

astringent, diuretic properties (Yin et al., 2015).  

 It is hoped that the availability of antioxidant 

compounds in water lily would help to produce 

nutraceutical components in our food. “Nutraceutical” is 

defined as food or parts of food that provide medical or 

health benefits, including the prevention and treatment of 

disease (Lobo et al., 2010). It would be a huge waste of 

natural resources if the benefits of water lily are not 

exploited and incorporated into daily lives for health 

benefits. Each part of a plant holds different biological 

and chemical composition as well as verify flavonoids 

content and antioxidant activity. The major active 

nutraceutical ingredients in plants are flavonoids (Tapas 

et al., 2008). 

In this study, the petal and stamen of water lily were 

used as the subject of study for antioxidative properties 

and flavonoids content. This study needs to be done to 

benefit future research, to justify that water lily could 

serve as a source of flavonoids which functions as a 

natural antioxidant and to assist in the development of 

nutraceutical products. This study is designed to 

determine the effect of different extraction solvents 

namely ethyl acetate and 60% methanol on the 

antioxidant activity in petal and stamen of water lily.  

 

2. Materials and methods 

2.1 Raw material 

Water lily (Nymphaeaceae antares) stamen and petal 

(flower) were collected from a pond of a private 

residence situated in Kampung Lorong Bukit, Kuala 

Terengganu, Malaysia. The plant was identified by Tn 

Hj. Mohamad Razali Salam, a plant botanist in Universiti 

Malaysia Terengganu. The water lily samples collected 

were three weeks old where the petiole had grown tall 

above the waters, fully bloomed flower at the end of it 

and the leaf of the plant had also grown to its maximum 

size. Water lily flower parts namely petal and stamen 

were selected for the different solvent extractions. The 

drying process was done immediately post-harvesting 

because water lily is known to have a short life span 

when it is out of its natural elements.  

2.2 Proximate analysis  

Proximate analysis of the raw materials was 

performed to assess the percentage of moisture, ash, 

crude protein, crude fat, and crude fibre based on the 

Association of Official Analytical Chemists' procedure 

(AOAC, 2007) standard procedure. Meanwhile, the 

carbohydrate content was calculated as Percentage of 

carbohydrate = 100 – (percentage [protein + moisture + 

crude fat + ash + crude fibre]). All the analysis was 

carried out in triplicates.  

2.3 Sample preparation  

The flower petal and stamen from the water lily were 

separated from its other parts. The petal and stamen 

samples were washed and the excess water was drained 

on a piece of paper. The samples were cut into smaller 

sizes to ease the drying process. The samples were then 

kept in a freezer at -4oC before being rapidly frozen by 

liquid nitrogen. Samples were then freeze-dried at -42oC 

for 3-4 days and given pressure at 133 × 103 psi, with a 

vacuum of 105 x 10-3 MBAR (LABCONCO Freeze Dry 

System, Model 195). After being fully dried, the samples 

were ground using a food processor and placed in an 

airtight container at 4oC (Hau et al., 2018). 

2.4 Sample extraction  

A total of 10 g of the dried water lily powdered 

sample was weighed into a conical flask, followed by the 

addition of 100 mL of 60% methanol and ethyl acetate. 

The mixture was placed in an incubator shaker at 25oC at 
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a rate of 50 RPM. The mixture was then filtered 

(Whatman No. 4 filter paper) with the aid of a vacuum 

pump. The residue obtained was applied with the same 

amount of solvent and proceeded to be shaken for 

another 24 hrs. The extracted sample was then 

concentrated in a rotary evaporator for 3 hrs and stored 

in an amber bottle at -4oC (Zainol et al., 2018). 

2.5 2,2-diphenyl-1-picrylhydrazyl (DPPH) method 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) method 

was performed in accordance with the protocol defined 

by Looi et al. (2020) with some modifications. Four 

milligrams of petal and stamen extracts were dissolved in 

1 mL methanol and assayed in triplicate. BHT and α-

tocopherol were used as a positive control for this 

analysis. A 3.0 mL of 0.1 Mm methanol DPPH was 

added and vortexed well. The test tubes were allowed to 

stand at room temperature in the dark for 1 hr. The 

reduction of the DPPH free radical in the sample was 

measured by reading the absorbance at 517 nm. 

2.6 Ferric thiocyanate (FTC) method 

The extracted water lily sample (1 mg/mL) was 

dissolved in 4 mL of absolute ethanol (99.5%) and added 

with 4.1 mL of 2.52% linolenic acid in absolute ethanol. 

Eight millilitres of 0.05 M phosphate buffer (pH7) were 

mixed with 3.9 mL of distilled water and kept in a screw 

cap bottle and placed in a water bath shaker at 40℃. An 

aliquot of 0.1 mL of samples was added to 9.7 mL of 

75% ethanol and 0.1 mL of 30% ammonium thiocyanate 

finally by 0.1 mL of 0.02 M ferrous chloride added in 

3.5% hydrochloric acid into the reaction mixture. The 

absorbance of the resulting red-blood colour was 

measured after 3 mins at 500 nm every 24 hrs until the 

day the absorbance of the control reached the maximum 

value (Ng et al., 2020). 

2.7 Thiobarbituric acid (TBA) test  

Approximately 1 mL of sample solution obtained in 

the FTC method was added to 2 mL of 20% 

trichloroacetic acid and 2 mL of 0.67% 2-thiobarbituric 

acid. The mixture was placed in boiling water at 100°C 

for 10 mins. Next, the mixture was cooled and then 

centrifuged for 20 mins at 3000 rpm. The absorbance of 

the supernatant was measured at 552 nm (Malik et al., 

2017). 

2.8 Determination of total phenolic content (TPC)  

The total phenolic compounds were determined 

using the Folin-Ciocalteu reagent according to the 

colourimetric method described by Zainol et al. (2018). 

An aliquot (1 mL) of every sample was diluted into 50 

mL of stock solution. An aliquot (1 mL) from the stock 

solution was added to 17.9 mL of distilled water in 0.5 

mL of Folin-Ciocalteu reagent and left to stand for 1 

min. Then, 1.5 mL of 20% sodium carbonate was added 

to the mixture. The sample prepared was then left at 

room temperature for 2 hrs in the dark. The absorbance 

value was taken at 765 nm, resulting in mg GAE per 

gram of sample extract (mg GAE/g) expressed as gallic 

acid equivalent. 

2.9 Determination of total flavonoid content (TFC)  

Fifty milligrams of the extracted samples were 

mixed with 1.5 mL methanol, 0.1 mL 10% aluminium 

chloride, 0.1 mL 1M potassium acetate and 2.8 mL 

distilled water. The mixture sample and reagents were 

then incubated for 30 mins at room temperature (25oC). 

The absorbance of the reaction mixture was then 

measured at 415 nm. The result was expressed as mg of 

quercetin equivalent (QE) per gram of sample extract 

(mg QE/g) as mg quercetin equivalent (QE)/g of dried 

plant material (Chong et al., 2018). 

2.10 Determination of total tannin content (TTC) 

The total tannins content (TTC) were determined by 

the Folin-Ciocalteu method based on Kavitha Chandran 

and Indira (2016) with some modifications. 

Approximately 0.1 mL of the standard solution was 

added to, 7.5 mL of distilled water, 0.5 mL of Folin-

Ciocalteu phenol reagent and 1 mL of 35% Na2CO3 

solution. The concoction was mixed well and let stand at 

room temperature (25oC) for 30 mins. The absorbance of 

the test and standard solutions were measured against the 

blank at 725 nm using a UV/Visible spectrophotometer. 

2.11 Determination of flavonoids using HPLC  

All the extracted samples were refluxed in 6 M HCl 

at 90°C for 2 hrs in a 60% (v/v) aqueous methanol 

extracted prior to the HPLC analysis (Shukri et al., 

2020). The quantification process was performed using 

an Analytical High-Performance Liquid Chromatography 

(HPLC) (Shimadzu, Japan) with a 4 solvent delivery 

system quaternary pump (LPG 3400 SD) including a 

diode array detector (DAD 3000) with 5 cm flow cell, a 

manual sample injection valve equipped with a 20 µL 

loop and Chromeleon 6.8 system manager as the data 

processor. The samples and standards were eluted 

through A Zorbax SB-C18 reversed phase column 

(150×4.6 mm) packed with 5 µm diameter particles. 

Twenty microliters of sample were injected into the 

HPLC system for every analysis. The 1% (v/v) of 

aqueous acetic acid solution and acetonitrile was used as 

the gradient mobile phase. The flow rate of the system 

was fixed at 0.7 mL/min, while the column oven was set 

at 28℃. The composition of the mobile phase was back 

to the initial condition (solvent B: solvent A: 10: 90) in 
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30 mins and allowed it to run for another 5 mins before 

the injection of the next sample. HPLC chromatograms 

were detected using a photodiode array UV detector at 

270 nm (Khairil Anuar et al., 2020).  

2.12 Statistical analysis 

Data collected were statistically analyzed using 

statistical software, Minitab version 14 for windows 

(Minitab Inc., USA). One-way analysis of variance 

(ANOVA) with Tukey’s Multiple Comparison Test was 

used to find the difference between means of samples 

using different extraction solvents for all responses with 

significant level (p<0.05). The results were expressed 

with substantial letters as mean±standard deviation 

(Chong et al., 2018).  

 

3. Results and discussion 

3.1 Proximate analysis  

Table 1 indicates that fresh petals contain 

significantly (p<0.05) higher moisture content 

(85.41±0.13%) than that of fresh stamen (83.15±0.21%). 

The moisture content of a sample increases with bulk 

density, weight and volume. Since water lily is an 

aquatic plant, it is expected to enclose more water than 

plants that grow on land. Similarly, the dried petal 

(11.01±0.11%) showed significantly (p<0.05) higher 

moisture content than that of dried stamen (9.57±0.62%). 

A range of 8-11.5% of moisture content in the dried 

flowers will maintain quality for more than six months 

(Pandey, 2001). Odewo et al. (2014) quoted that the 

moisture content in leaves of water lily’s stamen and 

petal (% dry weight) was 1.88%, which was lower 

compared to the current study. However, it should be 

noted that for dry matter, moisture content would depend 

on the degree of drying. It was clear that petals are larger 

in density, weight and volume than stamen. The higher 

value of ash content was obtained in the petal 

(0.84±0.01%) compared to the stamen (0.80±0.01%). 

Water lily stamen was found to exhibit a higher crude fat 

content (0.77±0.01%) which might be due to the oily 

nature of the stamen (Tungmunnithum et al., 2020). 

Water lily stamen also exhibited a higher crude protein 

content (3.85±0.01%) compared to the petals 

(2.66±0.01%). The data also revealed that the crude 

content was found to be significantly (p<0.05) higher in 

petal (3.35±0.02%) than that of stamen (2.60±0.01%). 

This study showed that water lily petals produce higher 

quantities of fibre than stamens. High fibre in the fruit 

sample may be attributed to the fibre content of water 

lily seeds and petals stated to be rich in insoluble dietary 

fibre (Ramaiya et al., 2018). Interestingly, this study 

shows that water lily’s stamen and petal contain low in 

fat but at the same time high in carbohydrate. 

Carbohydrate was considered the highest composition in 

both the stamen and the petal. The amount of 

carbohydrate content was in accordance with Odewo et 

al. (2014), which recorded the highest components in the 

plant species.  

3.2 Effects of different solvents on the extraction yield of 

water lily petal and stamen  

The data shows that there was no significant 

(p<0.05) difference in extraction yield between all parts 

of the flower and the solvents used to extract them. The 

yield of water lily petal extracted with 60% methanol 

was 44.55±1.63%, whereas the yield of petal extracted 

with ethyl acetate was 25.90±4.14%. The yield of water 

lily stamen extracted with 60% methanol was 

32.28±3.06%, while the yield of stamen extracted from 

ethyl acetate was 24.50±6.65%. These results showed 

that the petal and stamen of water lily contain more polar 

compounds than non-polar compounds as both petal and 

stamen extracted using 60% methanol (polar solvent) 

produced a higher yield than samples extracted in ethyl 

acetate.  

However, due to the presence of numerous 

antioxidant compounds of various chemical 

characteristics and polarities which may or may not be 

soluble in a specific solvent, the extract yields and the 

resulting antioxidant activities of the plant materials are 

heavily dependent on the nature of the solvent extraction 

(Peschel et al., 2006). The differences in the extractive 

value between the petal and stamen of water lily may be 

due to the varying nature of the components present and 

the polarities of the solvent used for extraction (Gupta et 

al., 2013). Different extraction solvents have an effect on 

the percentage yield of samples. The recovery of 

antioxidant compounds from plant materials is generally 

achieved by different extraction techniques, taking into 

account their chemistry and unequal distribution in the 

plat matrix (Tao et al., 2010).  

 

 Fat (%) Fibre (%) Protein (%) Ash (%) Carbohydrate (%) 
Moisture content (%)  

Fresh Dried 

Petal 85.41±0.13a 11.01±0.11a 0.57±0.01a 3.35±0.02a 2.66±0.01b 0.84±0.01a 7.17±0.01b 

Stamen 83.15±0.21b 9.57±0.62b 0.77±0.08a 2.60± 0.01b 3.85±0.01a 0.80±0.01a 8.83±0.02a 

Table 1. Proximate composition and calorie content of N. antares (water lily) petal and stamen 

Values are expressed as mean±SD, n = 3. Values with different superscript within the same column are significantly different 

(p<0.05).  
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 3.3 Antioxidant properties in petal and stamen of 

Nymphaeaceae antares 

3.3.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging activity 

Table 2 shows the 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging activity of water lily 

extracted using different solvents (60% methanol for 

polar extraction and ethyl acetate for non-polar 

extraction). Water lily petal extracted in ethyl acetate 

showed the highest percentage inhibition (91.53±0.74%) 

while petal extracted with 60% methanol obtained the 

lowest percentage inhibition (88.43±2.86%). 

Kamarozaman et al. (2013), reported that the twigs of V. 

pauciflora extracted with ethyl acetate had the DPPH 

percentage inhibition of 65.46% whereas 58.05% when 

using methanol. Similarly, Aqil et al. (2006) stated that 

the activity of Trigonella foenum graecum (57%) was at 

par when compared with the commercial antioxidant α-

tocopherol (58%) and butylated hydroxytoluene, BHT 

(49%). This indicated that the increased scavenging 

capacity of petal ethyl acetate may also be attributed to 

the hydrogen donation of components extracted from the 

sample. Complete extraction of active components, 

responsible for antioxidant activities, are strongly 

dependent on the nature of solvents and plant parts used. 

Flavonoids, tannins and other phenolic constituents 

present in food of plant origin are also potential 

antioxidants (Mandal, 2009).  

3.3.2 Ferric thiocyanate (FTC) method 

Figure 1 shows the antioxidative activity of the petal 

and stamen of water lily using different solvents such 

that 60% methanol and ethyl acetate measured using the 

FTC method for 6 days period. The lower value of 

absorbance indicates a higher value of the antioxidant 

activity. As can be seen, all samples exhibit high 

antioxidant activity, which is comparable to that of both 

α-tocopherol and BHT (Mohd Zin et al., 2017). It was 

encouraging to note that there was no significant 

(p<0.05) difference between all samples and standards. 

The highest value of control was measured on the fifth 

day of incubation as it showed the control had achieved 

optimum level and gradually decreased on the sixth day. 

This is due to the oxidation of linoleic acid that 

generated linoleic acid hydroperoxides was decomposed 

into many secondary products. It showed a stoppage of 

oxidation of ferrous sulphate. The different parts of 

water lily with different extraction solvents showed 

different antioxidant activity in the FTC method which 

may be due to the reduction of hydroperoxides, 

inactivation of free radicals, chelation of metal ions or 

combination of them (Ng et al., 2019).  

Table 2 also reveals that the antioxidant activity of 

water lily’s petals extracted with ethyl acetate showed 

the highest antioxidant activity of all samples 

(76.70±6.48%), surpassing the α-tocopherol 

(60.94±7.65%) and BHT (75.04±3.34%). The findings 

also showed that the lowest antioxidant activity was 

achieved by the petals extracted with 60% methanol 

(62.49±8.48%). This phenomenon may be due to the 

reduction of hydroperoxides, inactivation of free 

radicals, and chelation of metal ions or a combination of 

them (Phaniendra et al., 2014). Moreover, the phenolic 

compounds in the samples may donate hydrogen and can 

terminate the free reaction chain by changing it to stable 

 
Petal  

(60% methanol) 
Stamen  

(60% methanol) 
Petal  

(Ethyl acetate) 
Stamen  

(Ethyl acetate) 
BHT 

α-
Tocopherol 

Extraction yield (%) 44.55±1.63a 32.28±6.82a 25.90±4.17a 24.50±6.65a - - 

DPPH (%) 88.43±2.86a 90.17±0.87a 91.53±0.74a 90.07±3.95a 94.98±1.89a 94.40±2.05a 

FTC (%) 62.49±8.48a 67.82±8.11a 76.70±6.48a 65.90±5.05a 75.04±3.34a 60.94±7.65a 

TBA (%) 50.73±0.37c 67.49±1.17a 59.33±0.10b 70.78±1.39a 72.07±2.40a 53.63±1.86bc 

TPC (mg GAE/g) 82.21±7.42b 110.61±14.81a 86.32±3.78b 118.83±7.73a - - 

TFC (mg QAE/g) 69.21±6.79c 82.23±7.47b 77.32±6.84b 98.54±3.65a - - 

Total tannins content (mg TAE/g) 38.34±3.63b 49.55±3.42a  33.22±2.34c 43.08±2.66b - - 

Table 2. Antioxidative activity (DPPH, FTC and TBA value), total phenolic content, total flavonoid contents and yield of sample 

N. antares stamen and petal extracted using 60% methanol and ethyl acetate 

Values are expressed as mean±SD, n = 3. Values with different superscript within the same row are significantly different 

(p<0.05).  

Figure 1. Antioxidant activity of petal and stamen of N. 

antares using 60% methanol and ethyl acetate measured 

during the 6 days incubation period of FTC analysis 
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compounds (Francenia Santos-Sánchez et al., 2019). 

FTC was used to measure the production of peroxide 

compounds at the initial stage of oxidation while TBA 

test was used to measure the secondary product of 

oxidation such as aldehyde and ketone (Huda-Faujan, 

2009).  

3.3.3 Thiobarbituric acid (TBA) test 

Table 2 also demonstrates the antioxidant activity of 

petal and water lily stamen extracted using 60% 

methanol and ethyl acetate, measured by the TBA 

method on the sixth day of incubation. The stamen 

sample extracted in ethyl acetate (70.78±1.39%) had 

significantly the highest TBA inhibition value, while the 

lowest inhibition was petal extracted with 60% methanol 

(50.73±0.37%). Petal extracted with 60% methanol 

showed a significant (p<0.05) difference with petal 

extracted with ethyl acetate. The differences in 

antioxidant activities observed between different parts of 

water lily and extraction solvents may be due to the 

different mechanisms involved in both determination 

methods, structures, of different phenolic compounds, 

the antioxidative mechanisms exhibited by the 

compound and the synergic effect of different 

compounds (Chong et al., 2018). The pattern of the 

thiobarbituric acid reactive material inhibitory behaviour 

of the samples is very close to that of the FTC test. This 

indicated that the reduction of thiobarbituric acid 

reactive substances in the samples may be due to the 

lower concentration of hydroperoxides in the respective 

samples. Besides that, secondary antioxidant compounds 

such as organic sulphur and organic nitrogen (Francenia 

Santos-Sánchez et al., 2019) that might be present in the 

samples may also contribute to the inhibition of 

hydroperoxides decomposition in these samples 

(Sasikumar and Menon, 2011). In comparison to the FTC 

method, the percentage inhibition of stamen ethyl acetate 

was (65.90±5.05%) which was lower than the TBA 

method. This might suggest that the amount of peroxide 

in the initial stage of lipid peroxidation was less than the 

amount of peroxide in the secondary stage. Furthermore, 

the secondary product was much more stable for a period 

of time. All of the plant extracts exhibited strong 

antioxidant activity, comparable to standard commercial 

antioxidants of α-tocopherol and BHT.  

3.3.4 Determination of total phenolic compound 

(TPC) 

The influence of tested solvents on crude extracts of 

water lily flower parts is presented in Table 2. The data 

shows that the ethyl acetate stamen sample exhibited a 

higher total phenolic content (TPC) (118.83±7.73 mg 

GAE/g), followed by 60% methanol stamen 

(110.61±14.81 mg GAE/g), ethyl acetate petal 

(86.32±3.78 mg GAE/g) and 60% methanol petal 

(82.21±7.42 mg GAE/g) respectively. It was also found 

that the TPC of the Stamen and petal extracts decreased 

with changes of solvent used from ethyl acetate to 60% 

methanol. This can be due to the content of more non-

phenol compounds, such as carbohydrate and terpene, in 

extracts of methanol than in extracts of ethyl acetate. 

These phenolic compounds may have more phenol 

groups or higher molecular weights than phenols in the 

water extract (Metsämuuronen. and Sirén, 2019). 

3.3.5 Total flavonoid content (TFC)  

Table 2 also shows the vital results of the total 

flavonoid content (TFC) in which the ethyl acetate 

extract developed higher TFCs relative to methanol. 

Among the samples tested, the highest TFC was 

observed in ethyl acetate stamen (98.54±3.65 mg QAE/

g), followed by 60% methanol stamen (82.23±7.47 mg 

QAE/g), ethyl acetate petal (77.32±6.84 mg QAE/g) and 

60% methanol petal (69.21±6.79 mg QAE/g) with the 

lowest TFC value. It was observed that the effect of 

solvents on TFC is similar to that of TPC. This could 

indicate that flavonoids are the dominant phenolic group 

in water lily flower’s petal and stamen extract. 

According to Banerjee et al. (2008) flavonoids are of 

paramount importance in plants where they act as shield 

protection from ultraviolet radiation.  

3.3.6 Total tannin content (TTC)   

Table 2 also shows the amount of tannin content 

(TTC) in water lily’s stamen and petal extracted in 60% 

methanol and ethyl acetate. Higher TTC was observed in 

stamen extracted in 60% methanol (43.08±2.66 mg TAE/

g), followed by stamen extracted in ethyl acetate 

(49.55±3.42 mg TAE/g), petal extracted in 60% 

methanol (38.34±3.63 mg TAE/g), and finally, petal 

extracted in ethyl acetate (38.34±3.63 mg TAE/g). The 

findings clearly showed that the stamen was more tannin

-filled relative to the petal. This data also suggested that 

water lily petal and stamen contain more polar tannin 

than non-polar soluble tannin. It also reveals that the 

tannin in the water lily flower was considerably polar 

due to its solubility in the methanolic medium. Although 

tannins are water-soluble compounds, their solubility 

depends primarily on their hydrophobic and hydrogen 

bonding interactions (Cirkovic Velickovic and Stanic-

Vucinic, 2017). The presence of tannin could affect the 

structure and quality of phenolic compounds, which 

could further stimulate a positive increase in antioxidant 

activity (Minatel et al., 2017). 

3.4 Determination of flavonoids content  

Figure 2 shows the HPLC chromatogram, which 

verifies the existence of designated flavonoids in this 
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analysis, identified by their retention times, confirming 

the presence of individual flavonoids in water lily petal 

and the stamen sample undergoing different solvent 

extraction. All samples showed the presence of catechin, 

epigallocatechin gallate, quercetin, gallic acid, myricetin, 

kaempferol, rutin and p-coumaric acid (Figure 2). 

Sepahpour et al. (2018) previously reported that the 80% 

ethanol extraction yielded 0.9, 5.4, 2.4 and 1.4 mg/g 

freeze- crude extract of rutin, quercetin-3-glucoside 

myricetin and quercetin. It is interesting to note that 

water lily stamen dominated the concentration of 

individual flavonoids. Do et al. (2014) reported that 

aqueous solvent was better than non-aqueous solvent for 

extraction of the flavonoids from Limnophila aromatica, 

indicating that methanol was more effective than non-

aqueous solvent.  

Table 3 shows the findings of the HPLC analysis of 

flavonoid content in two parts of water lily (stamen and 

petal) extracted in 60% methanol and ethyl acetate. The 

findings also revealed that water lily extracted using 60% 

of methanol had a higher concentration of total 

individual flavonoids, whereas samples extracted in ethyl 

acetate showed a lower total of individual flavonoids. 

According to the findings, different solvents had major 

effects on the recovery of flavonoids. Catechin was 

found to be high in water lily stamen and petal extracted 

in 60% methanol. Moreover, the order of individual 

flavonoids found in the present study was catechin > 

rutin > gallic acid > epigallocatechin gallate > p- 

coumaric acid > myricetin > quercetin > kaempferol. The 

data clearly illustrated that catechin was the most 

abundant flavonoid for the entire sample where it ranged 

between 211.58±10.07 µg/100 mL to 8765.14±45.01 

µg/100 mL. Similar results were reported by Ng et al. 

(2019), who quoted that catechin was the most abundant 

flavonoid in black tea infused in 60oC water. In contrast, 

rutin was found to be the highest (ρ>0.05) individual 

flavonoid in water lily stamen and petal extracted in 

ethyl acetate. Rødtjer et al. (2006) reported that a high 

content of phenolic compounds and flavonoids content in 

their studies were greatly dependent on the solvent 

polarity used as the extraction medium. Moreover, the 

order of individual flavonoids found in the present study 

wasrutin > coumaric > myricetin > gallic acid > 

epigallocatechin gallate > quercetin > kaempferol > 

catechin. In contrast, Assefa et al. (2016) reported that 

quercetin is the major flavanol found in vegetables such 

as broccoli, kale, French beans, celery, onions and 

cranberries. In addition, rutin was found to be the least 

abundant flavonoid in all the samples tested. These 

variations in results obtained from the different 

extraction procedures between flavonoids could be 

explained by the different polar and non-polar properties 

of each type of flavonoids (Mohd Zainol et al., 2009).  

 

 

A 

B 

C 

Figure 2. HPLC chromatograms of water lilies (N. antares) 

stamen and petal extracted using 60% methanol and ethyl 

acetate, A: N. antares petal in 60% methanol, B: N. antares 

stamen in 60% methanol, C: N. antares petal in ethyl acetate, 

D: N. antares stamen in ethyl acetate 

 
Concentration of flavonoids affected by the different solvent used (µg/100 mL) 

Petal Ethyl acetate Petal 60 methanol  Stamen Ethyl acetate Stamen 60 methanol  

Catechin 211.58±10.07Cg 6458.28±270.69Ba 345.21±26.75Cf 8765.14±45.01Aa 

Epigallocatechin Gallate 813.37±57.88Ce  1518.55±100.63ABc  1023.88±147.52Bde  2124.88±77.01Ac  

Gallic acid 1143.27±29.67Cd  1548.37±97.89Bc  1297.70±74.62Cd  1978.69±69.06Ac  

Kaempferol 501.93 ±77.89CDf 693.15±36.86Bd 828.63±55.92Ade 443.93±56.61De 

Myricetin 1979.17±90.05Ac 812.83±55.39Cd 2269.84±123.94Ac 1113.26±16.23Bd  

P-Coumaric Acid 3001.06±200.65Ab  1443.82±59.28Bc 3241.16±473.61Ab  1211.37±97.07Bd 

Quercetin 519.43 ±37.44Bf 674.17±14.67Bd 1000.56±69.48Ad 545.24±49.49Be 

Rutin 6111.84±100.56Aa 4002.12±89.26Bb 6320.25±349.25Aa 4992.30±27.89Bb  

Table 3. The concentration of individual flavonoids detected in N. antares (water lily) stamen and petal extracted using 60% 

methanol and ethyl acetate  

Values are expressed as mean±SD, n = 3. Values with different lowercase superscript within the same column are significantly 

different (p<0.05) while values with different uppercase superscript within the same row are significantly different (p<0.05). 
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4. Conclusion 

The present study has shown that the yield and 

efficiency of phenolic compound and flavonoid 

extraction depends on the form and type of solvent that is 

extracted. The yield of water lily extract was found to be 

higher in petals extracted with 60% methanol 

(44.55±1.63%) while the stamen extracted with ethyl 

acetate was the lowest (24.50±1.09%). Flavonoids such 

as quercetin, kaempferol, rutin, gallic acid, catechin, 

epigallocatechin, p-coumaric acid and myricetin were 

found to be present in all water lilies stamen and petal 

ethyl acetate and 60% methanol extracts. Catechin and 

rutin were found to be dominant in 60% methanol and 

ethyl acetate, respectively. Compared to ethyl acetate, 

the total phenolics, flavonoids and tannin extraction of 

60% methanol from stamen was more efficient. The 

analysis also reveals that Petal of ethyl acetate was 

effectively free radical scavengers, likely functioning as 

the main antioxidant. 
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