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ABSTRACT

This study was conducted to investigate changes in phenolic and flavonoid content and 
antioxidant activity according to storage temperature and storage period from root extract 
of Codonopsis lanceolata (CL). Total polyphenol and flavonoid content decreased with 
increasing temperature, and the content was relatively high at temperatures of 15°C or less. 
Under different storage conditions, the total polyphenol and flavonoid content tended to 
decrease as the storage period became longer. Measurement of the DPPH radical scavenging 
activity confirmed that components for enhancing antioxidants were contained in the roots 
of CL, and it was assumed that there was not a large change in the scavenging activity 
when stored for less than 60 days or at temperatures below 25°C. Shorter storage period 
and lower storage temperature was associated with relatively high ABTS radical scavenging 
activity. The nitrite scavenging effect was highest at pH 1.2 in all samples tested; however, there 
was no distinct detection of nitrite scavenging effects at pH 6.0. In addition, phenolic compounds 
appear to be responsible for the antioxidant activity of CL extracts. Therefore, the results of 
the current study suggest that the CL root may assist in potential biological activities and can 
be used as a source of human health products.  
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I. Introduction 

As an herb, Codonopsis lanceolata(CL) is widely 

used in food preparation, but its medicinal 

application has not been explored yet in South 

Korea(Wang et al. 2011). The roots of CL have been 

used as a tonic crude drug and an edible plant in 

Korea, and it is well known to affect various 

pharmacological effects for human health and its 

consumption is increasing. Recently, plant and 

plant-derived products are treated a part of the 

healthcare system by applying the bioactive 

phytochemicals. Medicinal plants are belived to be 

a potential source for the research of new 

biologically active compounds. A part from the 

medicinal effects of traditional herbs, exploratoty 

researches have been executed and a vast variety 

of new biological activities from traditional 

medicinal plants have recently been reported, 

including anticancer activity(Pittella et al. 2009). 

Phenolic compounds include phenolic acids 

(hydroxybenzoic and hydroxycinnamic acids), 

polyphenols(hydrolyzable and condensed tannins), 

and flavonoids. These compounds protect plants, 

fruits, and vegetables from oxidative damage and 

have been used as antioxidants by humans. Finding 

new and safe antioxidants from natural sources is 

of great interest for applications in natural 

antioxidants, functional foods, and neutraceuticals. 

Phytochemical screening is one of the methods that 

have been used to explore antioxidant compounds 

in plants(Do et al. 2014). Phenolics possess a wide 

spectrum of biochemical activities such as 

antioxidant, antimutagenic, anticarcinogenic, as well 

as ability to modify the gene expression (Tapiero 

et al. 2002; Nakamura et al. 2003). Numerous 

epidemiological studies confirm significant relationship 

between the high dietary intake of flavonoids and the 

reduction of cardiovascular and carcinogenic 

risk(Cook & Samman 1996). Antioxidant compounds 

can scavenge free radicals and increase shelf life by 

retarding the process of lipid peroxidation, which 

is one of the major reasons for deterioration of food 

and pharmaceutical products during processing and 

storage(Gülçin 2010). Antioxidants can protect the 

human body from free radicals and reactive oxygen 

species(ROS) effects. They retard the progress of 

many chronic diseases as well as lipid peroxidation. 

Hence, a need for identifying alternative natural and 

safe sources of food antioxidants has been created, 

and the search for natural antioxidants, especially 

of plant origin, has notably increased in recent 

years(Gülçin et al. 2004). Antioxidant compounds 

in food play an important role as a health protecting 

factor. Scientific evidence suggests that antioxidants 

reduce the risk for chronic diseases, including 

cancer and heart disease. Antioxidants from 

aromatic, spicy, medicinal, and other plants were 

studied to develop natural antioxidant formulations 

for food, cosmetic, and other applications(Miliauskas 

et al. 2004). Most of the antioxidant compounds in 

a typical diet are derived from plant sources and 

belong to various classes of compounds with a wide 

variety of physical and chemical properties. CL is 

a medicinal plant having effective pharmacological 

functionality, but has a disadvantage that it is poorly 

stored. Therefore, it is very important to investigate 

the storage temperature and storage period in which 

the physiological functionality of CL is maintained. 

The objection of this study was to investigate the 

change of phenolic content according to storage 

temperature and storage period from root extract of 

CL, and investigate the antioxidant activity of the 

extracts by in vitro methods. 
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II. MATERIALS AND METHODS

1. Plant material and extract preparation

Codonopsis lanceolata grown in Jeju region was 

purchased from a farm. The roots of CL at different 

temperatures(5°C, 15°C, 25°C, 35°C, and 45°C) using 

thermo-chamber and storage periods(0, 15, 30, 45, 

60, 75, and 90 d) were freeze dried and ground 

to a fine powder. The powder was stored at -20°C 

until further analyses. The freeze dried powder was 

mixed with 30% ethanol and the filtrate was 

collected thrice with constant stirring of the mixture 

at every 24 h interval for 72 h. The filtrate was then 

concentrated under reduced pressure at 45°C using 

a vacuum rotary evaporator(IKA® RV 10 Basic 

Digital, IKA Co., Germany). The concentrated extract 

was stored at -20°C until further analysis

2. Total polyphenol determination

Total phenols were determined by the modified 

method the Folin-Ciocalteu assay(Singleton & Rossi 

1965). Freeze-dried samples were extracted with 

methanol, the extract was concentrated under 

reduced pressure, and freeze-dried in powder. 1 

mg freeze-dried powder dissolved in 95% 

methanol, and 500 µL of Folin-Ciocalteu reagent 

were added to a 25 mL volumetric flask and were 

mixed for 5 minute at 30°C in water bath. 500 µL 

saturated solution of 7.5% Na2CO3 was added to the 

mixture, and then was incubated for 1 hour at room 

temperature, and the absorbance was read at 725 

nm using a spectrophotometer(Biochrom Co., 

England). Total phenolic of the sample was 

expressed as mg chlorogenic acid equivalent in 1 

g dry weight of sample extract. 

3. Total flavonoid determination

Total flavonoid was measured using the 

modified method that previously described(Zhishen 

et al. 1999). Briefly, 1 mg freeze-dried samples 

dissolved in 95% methanol, and 1 mL of extract 

solution, 10 mL diethylene glycol and 0.1 mL 1N 

NaOH were added to a 25 mL volumetric flask. The 

mixture was incubated for 1 hour at 37°C in water 

bath. The absorbance was measured at 420 nm 

using a spectrophotometer(Biochrom Co., England). 

Total flavonoid of the samples was expressed as 

mg narincin equivalent in 1 g dry weight of sample 

extract.

4. Assay of DPPH radical scavenging rate

100 µL of various concentrations(2.5, 5, 10 and 

20 mg/mL) of extracts in CL were added to 900 µL 

of 100% methanol containing 100 µM DPPH, and 

the reaction mixture was shaken for 5 min in the 

slight vortex. Leaving room temperature for 30 min 

under darkness, the absorbance of DPPH was 

determined by spectrophotometer at 517 nm. The 

DPPH radical scavenging activity was calculated 

according to the following equation: Scavenging 

effect on DPPH radical(%) = [(A-B)/A]x100, Where 

A is the absorbance at 517 nm without pigment 

compositions and B is the change in absorbance 

at 517 nm with pigment compositions incubation 

(Brand-Williams et al. 1995).

5. Assay of ABTS radical scavenging rate

The spectrophotomeric analysis of ABTS (2,2'- 

azinbis-(3-ethyl-benzothiazoline-6-sulfonicacid) 

radical cation(ABTS•+) scavenging activity of CL 

was determined according to the method described 

previously(Re et al. 1999). 7 mM ABTS solution 
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with 2.45 mM potassium persulfate was mixed, and 

the mixture was incubated in the dark at room 

temperature for 15 h, and then was diluted to the 

absorbance 0.7 at 734 nm. Fifty µL of each sample 

prepared in different concentrations with 950 µL 

diluted solution was added, and was shaken for 10 

seconds by vortex mixer, and then was reacted for 

5 min at room temperature, and the absorbance 

was read at 734 nm using a 

spectrophotometer(Biochrom Co., England). The 

ABTS•+ scavenging activity showed as RAEAC 

(relative ascorbic acid equivalent antioxidant capacity), 

was calculated by the following equation: 

RAEAC =
Caa

×
ΔAs

ΔAaa Cs

ΔAaa: change of the absorbance after addition 

of ascorbic acid

Caa: concentration of ascorbic acid

ΔAs: change of the absorbance after addition of 

sample solution

Cs: concentration of sample

6. Assay of Nitrite scavenging rate

The nitrite scavenging activity(NSA) was 

determined according to a method using Griess 

reagent(Kato et al. 1987). First, 40 µL of each 

sample was mixed with 20 µL of 1 mM nitrite 

sodium. Then the mixture was added to 140 µL of 

0.2 M citrate buffer(pH 1.2, 4.2, or 6.0). The final 

volume of each sample wad adjusted to 200 µL. 

After, the mixtures had been incubated for 1 h at 

37˚C, and added to 1000 µL of 2% acetic acid and 

80 µL of Griess reagent(1% sulfanilic acid and 1% 

naphthylamine in a methanol solution containing 

30% acetic acid). After vigorous mixing with a 

vortex, the mixture was placed at room temperature 

for 15 min, and absorbance was measured at 520 

nm. The nitrite scavenging activity was determined 

based on the following formula: 

NSA (%) = ((1-A-C)/B)*100

Where A is the absorbance of the mixture 

sample during a reation with 1 mM NaNO2 after 

a 1 h reaction, B is the absorbance of a mixture 

of distilled water and 1 mM NaNO2 after a 1 h 

reaction and C is the absorbance of the sample.

7. Data analysis

The statistical analysis was performed using the 

procedures of the Statistical Analysis System(SAS 

version 9.1). The ANOVA procedure followed by 

Duncan test was used to determine the significant 

difference(p<0.05) between treatment means.

III. RESULTS AND DISCUSSION

1. Total polyphenol and flavonoid contents

Plant phenolics constitute one of the major 

groups of compounds acting as primary antioxidants 

or free radical terminators. Polyphenols are widely 

distributed in plants and phenolic antioxidants have 

been found to act as free radical scavengers as well 

as metal chelators(Shahidi & Wanasundara 1992; 

Sanchez-Moreno et al. 1999). It has been recognized 

that the compounds such as polyphenol, flavonoid 

show antioxidant activity and their effects on 

human nutrition and health are considerable. The 

results for total polyphenol and total flavonoid 

content according to storage temperature and 

storage period in the CL root extracts are presented 

in table 1 and 2. Total polyphenol and flavonoid 

content by different storage temperature conditions 
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decreased with increasing temperature, and the 

content was relatively high at low temperature of 

15°C or less. In different storage period conditions, 

the total polyphenol and flavonoid content tended 

to decrease as the storage period became longer. 

These results were considerably consistent with the 

finding of antioxidant activity. A number of studies 

have focused on the biological activities of phenolic 

compounds, which are potential antioxidants and 

free radical scavengers(Marja et al. 1999; Sugihara 

et al. 1999). Zhou & Yu(2006) also reported that 

total phenolic content of the tested vegetable 

extracts was correlated with the DPPH radical 

scavenging activity, suggesting that total phenolics 

can play a major role in the antioxidant activity of 

plant materials. Some medicinal plants traditionally 

used for management of diseases were selected and 

their phenol and flavonoid content and iron 

chelating activities were evaluated(Ebrahimzadeh et 

al. 2008). Rivera-Pastrana et al.(2010) reported that 

phenolic and carotenoid profiles of papaya fruit 

mesocarp and exocarp tissues were identical at 

chilling(1°C) and control(25°C) temperatures, and 

differences were found among individual compounds 

in response to storage temperature and duration. 

Other studies also showed that the reduction in 

total polyphenol content could be explained by the 

convertion between free and bound phenolic 

substances, which can also be affected by storage 

temperature and storage period(Ferrante & Maggiore 

2007; Serea et al. 2014). These results are consistent 

with the results of this study. The formulation of 

preventive and healthy nutrition requires information 

about phenolic and flavonoid composition in plant 

foods. In order to confirm the optimal storage 

condition of the CL root, current study was focused 

on determination of total phenolic and total 

flavonoid content in CL extract.

2. DPPH radical scavenging activity

DPPH assay has been widely used to evaluate 

the free radical scavenging effectiveness of various 

antioxidant substances(MacDonald-Wicks et al. 

2006). DPPH is a stable nitrogen-centered free 

Storage 
temperature

(℃)

Total polyphenol 
content 

(mg/g extract)

Total flavonoid 
content 

(mg/g extract)

5 159.52 ± 2.56a1) 7.25 ± 0.62a

15 156.28 ± 2.28ab 6.56 ± 0.45ab

25 150.32 ± 2.19ab 6.83 ± 0.76ab

35 151.25 ± 3.08ab 6.35 ± 0.42ab

45 148.62 ± 3.53b 5.95 ± 0.65b

1)Data represent the mean values ± SE of three 
independent experiments. Means with the same letter 
in a column are not significantly different at p<0.05 
level by Duncan’s multiple range test.

Table 2. Total polyphenol and flavonoid contents

of root extracts from Codonopsis lanceolata

according to different storage temperature

condition 

Storage 
period
(days)

Total polyphenol 
content 

(mg/g extract)

Total flavonoid 
content 

(mg/g extract)

0 155.86 ± 1.52a1) 7.58 ± 0.15a

15 154.18 ± 2.35a 7.92 ± 0.21a

30 150.28 ± 1.85ab 7.25 ± 0.32ab

45 151.19 ± 3.16ab 6.53 ± 0.26bc

60 146.57 ± 2.38bc 6.68 ± 0.25bc

75 142.72 ± 1.78c 6.15 ± 0.18c

90 142.15 ± 2.09c 6.07 ± 0.31c

1)Data represent the mean values ± SE of three 
independent experiments. Means with the same letter 
in a column are not significantly different at p<0.05 
by Duncan’s multiple range test.

Table 1. Total polyphenol and flavonoid contents

of root extracts from Codonopsis lanceolata

according to different storage periods 
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radical the color of which changes from violet to 

yellow upon reduction by either the process of 

hydrogen- or electron- donation. Substances which 

are able to perform this reaction can be considered 

as antioxidants and therefore radical scavengers 

(Dehpour et al. 2009). Fig. 1 and 2 shows the 

DPPH free radical scavenging activities of the CL 

extracts at a different stiorage temperature and 

storage period conditions. In different storage 

period condition, the DPPH radical scavenging 

activity of CL root extract decreased a concentration- 

dependent manner as the storage period becomes 

loger. The DPPH radical scavenging activity of root 

extract from CL in different temperature condition 

was increased when the storage temperature was 

low. As a result of measuring the DPPH radical 

scavenging activity, it was confirmed that the 

component for enhancing antioxidant was contained 

in the root of CL, and it was presumed that there 

was not a large change in the scavenging activity 

when stored for below 60 days or at temperature 

below 25°C. The investigation of the antioxidant 

activity of natural substances is based on the 

measuring of the electron donor capacity of DPPH 

with the ability to inhibit the oxidation by donating 

electrons in free radicals causing this lipid 

peroxidation(Boo et al. 2012), that is, free radical 

are known to be a major factor in biological 

damages, and DPPH has been used to evaluate the 

free radical-scavenging activity of natural antioxidants 

(Zhu et al. 2001; Kim et al. 2017). Active oxygen 

caused by in vivo metabolism removed by the 

body’s antioxidant system, but excessive free 

radicals induced stress, causing the lipid peroxidation 

by combining with unsaturated fatty acids in the 

cell membrane, and brought intracellular structural 

and functional damage. The effective source of CL 

could be employed in all medicinal preparation to 

combat myriad diseases associated with oxidative 

stress. Phenolics were the main antioxidant 

components, and their total contents were directly 

proportional to their antioxidant activity(Liu et al. 
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2009). Usually, higher phenolic and flavonoid 

content lead to better DPPH scavenging activity. 

3. ABTS radical scavenging activity

The ABTS and DPPH systems have both been 

commonly used to measure the total antioxidative 

status of various biological specimens because of 

their good reproducibility and easy quality 

control(Brand-Williams et al. 1995; Re et al. 1999). 

The formation of the ABTS radical cation takes place 

almost instantaneously after additing potassium 

persulfate to an ABTS solution. In order to evaluate 

the radical scavenging activities of extracts according 

to the storage period and storage temperature from 

CL, ABTS assays were performed. The results of the 

ABTS radical scavenging activity were shown in Fig. 

3 and 4. All the tested samples exhibited effective 

radical cation scavenging activity. When the 

experimental samples from CL root were treated with 

various concentrations(2.5, 5, 10 and 20 mg/mL) of 

extracts, the ABTS radical scavenging activity was 

progressively increased in a dose- dependent 

manner. The shorter the storage period and the 

lower the storage temperature, the ABTS radical 

scavenging activity was relatively high. In particular, 

the ABTS radical scavenging activity decreased with 

the lengthening of the storage period. This suggests 

that storage temperature and storage period are 

important to maintain the physiological functionality 

of CL such as antioxidant. Phenolic antioxidants 

usually scavenge free radicals by an electron-transfer 

mechanism. The electron- donating ability is 

determined by the oneelectron oxidation potential of 

the parent antioxidants, expressed by definition as 

the reduction potential of the corresponding 

phenoxyl radicals(Chan et al. 1998). The ABTS 

radicals are scavenged by antioxidants via the 

mechanism of electron-/ hydrogen-donation. In the 

present study, interesting results were noted for the 

scavenger properties against ABTS radicals. It was 

observed that the tested CL extracts showed higher 

ability to scavenge ABTS radicals than DPPH radicals. 
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4. Nitrite scavenging activity

The results of the determination of nitrite 

scavenging activity of CL extract according to 

storage period and storage temperature condition 

are summarized in the Fig. 5 and 6. It was 

examined over a range of acidic conditions(pH 1.2, 

4.2 and 6.0). The nitrite scavenging effect was the 

highest at pH 1.2 in all samples tested. However, 

there was no distinct detection of nitrite scavenging 

effects of the pH range 6.0. Also, These results 

prevailed that the nitrite scavenging activity of CL 

was influenced by the storage conditions, and the 

radical effect decreased under long term storage 

and high temperature conditions. The fact that the 

nitrite scavenging activity was high at pH 1.2 

suggests that nitrosamine production can be 

inhibited in vivo(Choi et al. 2008). These results 

were consistent with other findings that had the 

highest the nitrite scavenging at pH of 1.2 in 

fermented pine extract(Hong et al. 2004) and 

extracts from different parts of citron(Shin et al. 

2005). Nitrite reacts with second and third grade 

amines to form nitrosamine in protein-rich foods, 

medicines, and residual pesticides. It is also present 

in large quantities in meat and both leafy and root 

vegetables. Nitrosamine is converted to diazoalkane 

(alkane nucleic acid), proteins, and intracellular 

components, which can increase the risk for 

cancer(Choi et al. 2008). Nitric oxide(NO) is basically 

generated from amino acid larginine by vascular 

endothelial cells, phagocytes and certain cells of 

the brain. The toxicity of nitric oxide becomes 

adverse when it reacts with superoxide radical, 

forming a highly reactive peroxyritrite amino 

(ONOO-)(Boora et al. 2014). Nitrite is toxic and the 

consumption of excess nitrites over time results in 

the oxidization of hemoglobin, which can lead to 

methemoglobinemia(Jeon et al. 2002). It has been 

reported that phenolic compounds have a greater 

nitrite scavenging effect in environments with low 

pH(Noh et al. 2002). All results stated above 

suggested that the extract of CL root could be used 
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as an antioxidant or nitrite scavenger in food 

industry and the utilization of the root extract could 

improve the whole economical value of CL. That 

is, the CL plant have potent nitrite scavenging 

activities and are potentially useful antioxidants in 

processed foods, and might be a source of food 

and natural antioxidants.

IV. SUMMARY AND CONCLUSIONS

This study was conducted to investigate the 

change of phenolic, flavonoid content and antioxidant 

activity according to storage temperature and 

storage period from root extract of CL. Three free 

radicals were used to assess the potential free 

radical-scavenging activities of CL extracts, namely 

DPPH radical, ABTS radical, and nitrite radicals. In 

the present study, the extracts from CL were found 

to possess antioxidant activity. The antioxidant 

mechanisms of CL root extracts may be attributed 

to their free radical-scavenging ability. A positive 

relationship between antioxidant activities and total 

phenolic contents was also observed. In addition, 

phenolic compounds appear to be responsible for 

the antioxidant activity of CL extracts. The presented 

data for antioxidant activity and content of phenolic 

compounds of CL are a basis for assessment the 

optimum storage temperature and storage period, 

and will be useful for setting storage conditions. 

That is, it was thought that the storage condition 

after harvest of CL can be maintained in good 

quality by storing within 60 days at temperature 

below 25℃. Therefore, the results of current study 

suggested that the CL root may assist in the 

potential biological activities, and can be used as 

a source of human health products.
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