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Abstract 

The aim of the study was to analyse methanolic crude extract of leaves, bark and defatted seed cake of 

Koelreuteria elegans for total phenolics, flavonoids and antioxidant properties. Total phenolic contents 

were determined using Folin-Ciocalteau reagent and calculated as Gallic Acid equivalents per gram of 

extract. Aluminium chloride colorimeteric method was used for flavonoids determination. The 

antioxidant activities of the extracts were measured by 2, 2’-diphenyl-1-picrylhydrazyl (DPPH) method. 

The bark extract showed maximum antioxidant activity of 96 % at a conc. of 0.06 mg/mL with EC50 

value 0.023±0.002 mg/mL of extract followed by leaves extract 95 % at a conc. of 0.07 mg/mL with 

EC50 value 0.022±0.002 and the seed cake extract 93 % at a conc. of 0.07 mg/mL with EC50 value 

0.025±0.001 by DPPH method. Based on observations, it can be concluded that Chinese rain tree bark, 

leaves and the seed cake have a potential source of antioxidants of natural origin. 
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1. Introduction 

Antioxidants are compounds that scavenge the active radicals to suppress oxidation of other 

molecules by inhibiting the initiation or propagation of oxidative chain reactions [17]. Free 

radicals and reactive oxygen species (ROS) like superoxide, hydroxyl radical, peroxyl radical 

are highly reactive substances [12, 13]. These may cause reversible or irreversible damage to 

biological molecules such as lipids, proteins [5]. Antioxidants have been used to prevent 

oxidative deterioration and preservation of food. Synthetic antioxidant compounds such as 

butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), propyl gallate, tertiary 

butylhydroquinone are often added to various foodstuffs to prevent oxidative degradation but 

recent studies revealed the safety and health issues regarding the use of synthetic antioxidants 

in foods and also negatively sensed by consumers [8, 10]. Hence, with this awareness much 

interest has been taken in searching plant-derived antioxidants which provide health benefits. 

Crude extracts of plant origin are rich in phenolics are increasingly of interest in food industry 

because they delay oxidative degradation of lipids thereby improve the quality and nutritional 

value of food. The preservative effect of extract of many plant species and herbs suggests the 

presence of antioxidative and antimicrobial constituents in their tissue [7]. Many food plants 

contain large amounts of antioxidants other than vitamin C, vitamin E and carotenoids [16]. The 

approach of phytochemicals in medicinal plants is mainly concentrated on their role in 

preventing diseases caused as a result of oxidative stress. Antioxidant compounds derived 

from plant sources such as phenols, flavonoids etc. are recommended as nutraceuticals/ 

functional foods [3, 4]. 

Koelreuteria elegans (Chinese rain tree) is an ornamental landscape tree belonging to family 

Sapindaceae. It is native tree of Taiwan. It is a fast growing species and tolerant of a wide 

range of environmental conditions. The other species K. paniculata, K. bipinnata, K. henryi 

are widely distributed in Northern China. Local people use the seeds of K. elegans as 

insecticides and the leaves as anti-fungal and anti-bacterial agent. Roots, bark, twigs and 

leaves of K. henryi have been used for the treatment of diarrhea, malaria and urethritis in 

traditional folk medicine [9]. It also exhibits significant anti-proliferation activity against cancer 

cell lines [15]. 

The high content of polyphenolic compounds and flavonoids reported in many species of the 

genus Koelreuteria act as antioxidant against oxidative stress and scavenge free radicals. 

Hence, in the absence of any report regarding antioxidant activity of Koelreuteria elegans, the 
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present investigation was to estimate total phenols, flavonoids 

and antioxidant activity of methanolic extracts of leaves, bark 

and seed cake of chinese rain tree. 

 

2. Materials and Methods 

2.1 Material and Chemicals  

The seeds, leaves, and bark of Koelreuteria elegans were 

collected from the university campus CCS, Haryana 

Agricultural University, Hisar. After cleaning, the seeds, 

leaves and bark were dried in shade and ground to fine 

powdered form. Commercially available chemicals from 

Sigma-Aldrich, Qualigens, Merk and Ranbaxy, of highest 

purity, were used for various experimental procedures. 

 

2.2 Solvent extraction  

The powdered sample of leaves, bark and seed cake were 

extracted with petroleum ether (60-80°) using soxhlet method. 

The dried defatted powdered sample of each were then 

extracted separately with methanol by refluxing 8h. These 

extracts were analysed of total phenols, flavonoids, and DPPH 

free radical scavenging activity. 

 

2.3 Determination of total phenolics content 

The total phenolics were determined by the Folin-Ciocalteu 

reagent method using gallic acid as standard [14]. Diluted 

extracts (1.0 mL) were added to test tube containing 1.0 mL 

of (1:1) Folin-Ciocalteu reagent and 2.0 mL of Na2CO3 (20% 

w/v) mixed and volume was made up to 10 mL with double 

distilled water. After 30 minutes, the mixture was centrifuged 

at 6000 rpm for 10 minutes and the absorbance of supernatant 

solution was measured at 730 nm using spectrophotometer 

against a blank prepared similarly with the same solvent but 

omitting the extract. The amount of total phenolics present in 

the extracts was calculated from the standard curve and the 

results was expressed as milligrams of gallic acid equivalent 

per gram (mgGAE/g). 

 

2.4 Determination of flavonoids 

The aluminium chloride colorimetric method for estimation of 

flavonoids was used [18]. Diluted extract (1.0 mL) was added 

to test tubes containing 4mL of double distilled water. To the 

mixture 0.3 mL 5% NaNO2 was added. After 5 minute, 0.3 

mL 10% AlCl3 was added. Immediately, 2.0 mL 1M NaOH 

was added and the total volume was made upto 10.0 mL with 

double distilled water. The solution was mixed thoroughly 

and the absorbance of both the samples and blank (Reagent 

blank using double distilled water instead of sample was 

prepared) was read at 510 nm using UV visible 

spectrophotometer. Total flavonoids of samples were 

expressed as mg catechin equivalent per gram of the extract 

(mg CAE/g). 

2.5 2, 2’-Diphenyl-1-picrylhydrazyl (DPPH) free radical 

scavenging assay 

The antioxidant activity of the extracts was evaluated by 

DPPH free radical scavenging method [6]. Briefly 0.01, 0.02, 

0.03, 0.04, 0.05,0.06,0.07,0.08,0.09 mg of methanol extracts 

of bark, leaves and seed cake were added to flasks containing 

1.0 ml of 2,2’-diphenyl-1-picrylhydrazyl radical (DPPH: 

0.025gL-1 in methanol) final volume was made to 10 mL with 

methanol and mixed for 5 minute. The absorbance of the 

sample was measured at 517 nm in every 10 minutes till a 

steady state is reached using the spectrophotometer 

Spectronic 20 (Milton Roy Company). For each sample 

separate determinations were carried out. Similarly, a control 

sample was also prepared. The antioxidant activity was 

expressed as the percentage of decline of the absorbance after 

2 hrs relative to the control, corresponding to the percentage 

of DPPH that was scavenged.  

 

Calculation 

The percentage of DPPH, which was scavenged (% DPPHsc) 

was calculated using: 

 

% DPPHsc = {(Acont - Asamp) /Acont} x 100 

 

Where Acont is the absorbance of control and Asamp is the 

absorbance of sample. 

 

2.6 Stastical analysis 

Three replicates of each sample were used for stastical 

analysis and resulting values are expressed as mean±S.D. 

Correlation analyses of antioxidant activity, flavonoids and 

total phenolic content were carried out using pearson 

correlation programme in Online Stastical Analysis (OPSTAT 

www.hau.ernet.in) 

 

3. Results and Discussion 

3.1 Yield percentage, total phenols, flavonoids and free 

radical scavenging activity 

Extracts yield, total phenols, flavonoids, free radical 

scavenging activity by DPPH method, of all methanolic 

extracts are presented in the Table 1. Extract yield (%) was 

found to be highest in leaves extract ie 22.9±0.2 followed by 

bark extract (19.5±0.4) and then seed cake extract (17.0±0.2). 

Total phenolic content (mg GAE/g) was reported to be 

highest in leaves extract ie 109.1±2.5 followed by bark 

(99.3±1.2) and seed cake (60.0±0.1) extracts. Similar trend 

was observed in flavonoids content. It was highest in leaves 

extract (36.3±0.2 mgCAE/g) followed by bark extract 

(26.9±0.4 mgCAE/g) and seed cake extract (10.0±0.06 

mgCAE/g). Phenolics are secondary plant metabolites, 

aromatic in nature having high level antioxidant properties 

because of their ability to scavenge free radical. 

 
Table 1: Phytochemical content and antioxidant activity of chinese rain tree extracts 

 

Parameters Bark extract Leaves extract Seed cake extract 

Yield of methanol extract (%) 19.5±0.4 22.9±0.2 17.0±0.2 

Total phenols mgGAE/g 99.3±1.2 109.1±2.5 60.0±0.1 

Total flavonoids mgCAE/g 26.9±0.4 36.3±0.2 10.0±0.06 

DPPH(𝐸𝐶50) (mg/mL) 0.023±0.002 0.022±0.002 0.025±0.001 

DPPH (Max. activity %) Conc. (mg/mL) 96 (0.06) 95 (0.07) 93 (0.07) 

Values are mean of three replicates ± standard error  

mg GAE/g- milligrams gallic acid equivalent/g of the extract  

mg CAE/g- milligrams catechin equivalent/g of the extract 
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Fig 1: Total phenolic content of methanolic extract of bark, leaves and defatted seed cake of Koelreuteria elegans 

 

 
 

Fig 2: Flavonoid content in methanolic extract of bark, leaves and defatted seed cake 

 

3.2 DPPH radical scavenging efficiency 

2,2’- diphenyl-1-picrylhydrazyl radical (DPPH) was used to 

evaluate the antioxidant activity. It is one of the few stable 

radicals. Alcoholic solutions of DPPH show maximum 

absoption at 517 nm. When an antioxidant (AH) is added to 

DPPH solution a decrease in absorbance at 517 nm takes 

place due to the formation of the non-radical form DPPH-H 

which does not absorb at 517 nm. All the above described 

extracts were screened for radical scavenging activity against 

DPPH. The antioxidant activity exhibited by methanolic 

extracts of bark, leaves and seed cake was 96 % at a conc. of 

0.06 mg/mL, 95 % at a conc. of 0.07 mg/mL and 93 % at a 

conc. of 0.07 mg/mL reapectively. The corresponding EC50 

values to scavenge DPPH radical were 0.023±0.002 mg/mL, 

0.022±0.002 mg/mL and 0.025±0.001 mg/mL respectively. 

Among all the methanolic extracts bark extract showed 

maximum antioxidant acticity in terms of radical scavenging 

capacity as well as inhibition percentage which is at par with 

BHA (standard) (figure 3). 

 

 
 

Fig 3: Antioxidant Activity (%) of all the extracts by DPPH method (BHA taken as standard) 

 



 

~ 1727 ~ 

Journal of Pharmacognosy and Phytochemistry 

 
 

Fig. 4: Antioxidant activity (EC50) of methanolic extract of bark, leaves and seed cake 

 

 
 

Fig. 5: Antioxidant activity (%) of methanolic extract of bark, leaves and the seed cake 

 

Redox properties of phenolic compounds including reducing 

agents, hydrogen donars, and singlet oxygen quenchers 

account for their antioxidant nature [11]. Here, all the three 

methanolic extract exhibit high free radical scavenging 

activity. This might be due to hydroxyl groups in the structure 

of phenolic compound that can provide necessary component 

as a radical scavenger. Presence of hydroxyl substituents on 

flavonoid skeleton boosts activity [1, 2]. 

 

4. Conclusion 

The methanolic extracts of bark, leaves and defatted seed cake 

contain remarkable amount of phenols and flavonoids and 

exhibit excellent antioxidant potential. So we can conclude 

that these extracts may provide potential natural antioxidant 

for nutraceutical industry and other fields. Present study could 

be an effective introduction to the antioxidant properties of 

bark, leaves and seed cake of Chinese rain tree and more work 

should be done to characterise individual phenolic compounds 

in order to assign their antioxidant properties. 
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