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ORJİNAL MAKALE /  ORIGINAL PAPER 
 

ÖZET  
Bu çalış mada, ravent (Rheum rhabarbarum L.) 
saplarının metanol, etil asetat ve heksan 
ekstraktlarının  antioksidan aktiv iteleri farklı in vitro 
model sistemleri ku llan ılarak değerlendirilmiştir. 
Ravent saplarının polar çözücüdeki ekstraktlarının  
serbest radikal süpürme aktiv iteleri, 2,2'-azino-b is (3-
etilbenzotiazo lin-6-sülfon ik asit), hidroksil ve 1,1-
difenil-2-pikrilh idrazil radikalleri kullanılarak ayrı 
ayrı ölçülmüştür. Her bir ekstrakt ın demir iyonlarını 
şelatlama kabiliyetleri ve toplam antioksidan 
kapasiteleri araştırılmıştır. Buna ek olarak, ravent sap 
ekstraktlarının toplam fenolik, flavonoid ve flavonol 
içerikleri belirlenmiştir. Metanol ekstresi, en yüksek 
1,1-difenil-2-p ikrilh idrazil radikalini temizleme 
aktivitesini göstermişte olup, ardından etilasetat ve 
hekzan ekstreleri ve son olarak da bütil hidroksi 
toluen yer almaktaydı. Et il asetat ekstraktı, en yüksek 
2,2'-azino-bis (3-et ilbenzotiazolin-6-sülfonik asit) 
radikal temizleme aktiv itesini gösterirken (IC50 
değeri 59,7±1,1 μg/mL), bunu bütil hidroksi toluen 
ve metanol ekstraktı takip etmekteydi (sırasıyla 
53.1±2.2 ve 47,9±1,3 μg/mL), ancak hidroksil 
radikalini temizleme aktivitesini en fazla metanol 
ekstraktı göstermekteydi (IC50 değeri 75.1±2.9 
μg/mL). Toplam antioksidan akt ivite, en fazla 
metanol ve etilasetat ekstraktlarında bulunmuştur (1 
mg ekstrakta sırasıyla 284,1±11,6 ve 237,6±10 μg 
askorbik asit eşdeğeri). 100 μg/mL 
konsantrasyonundaki metanol ve etilasetat 
ekstraktları, demir iyonlarına karşı en yüksek 
şelatlama akt ivitesini göstermişlerd ir (sırasıy la % 
96,3±2,2 ve % 89,8±1,5). Ravent sap ekstraktları, 
kullanılan çözücüye ve konsantrasyona bağlı olarak 
oldukça belirgin b ir antioksidan akt ivite göstermiştir. 
Ravent sap ekstraktların ın güçlü bir antioksidan 
potansiyel göstermesi, Rheum rhabarbarum L.’nin  
ümit verici b ir bitki o lduğunu düşündürmektedir. 
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ABSTRACT 
In this study, the antioxidant activities of methanol, 
ethyl acetate and hexane extracts from stalks of 
Rhubarb (Rheum rhabarbarum L.) were evaluated 
using different model systems in vitro. Free radical 
scavenging activities were assessed by measuring the 
scavenging activities of stalks different polar ext racts 
separately using 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid, hydroxyl and 
1,1-diphenyl-2-p icrylhydrazyl rad icals. Effect of 
extracts on ferrous ions chelating ability and total 
antioxidant capacity were also investigated for each 
extract. In addit ion, total phenolic, flavonoid and 
flavonol content of rhubarb stalks ext racts were 
determined. The stalk methanol extract showed 
significantly the highest 1,1-d iphenyl-2-
picrylhydrazy l radical scavenging activity, followed 
by stalks ethylacetate extract, stalks hexane extract 
and lastly, butylated hydroxytoluene. Ethylacetate 
extract showed the highest 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) radical 
scavenging activity with IC50 value of 59.7±1.1 
μg/mL, fo llowed by butylated hydroxytoluene and 
methanol ext ract with IC50 value of 53.1±2.2 and 
47.9±1.3 μg/mL, respectively, whereas the highest 
hydroxyl rad ical inhibit ion activity was found for 
methanol ext racts with IC50 values of 75.1±2.9 
μg/mL. The total antioxidant activity was the highest 
in methanol and ethylacetate extracts (284.1±11.6 and 
237.6±10.0 μg ascorbic acid equivalent for 1 mg 
extract, respectively). Methanol and ethylacetate 
extracts at concentration of 100 μg/mL showed the 
highest chelating activity against ferrous ions 
(96.3±2.2% and 89.8±1.5%, respectively). All 
rhubarb stalk extracts showed pronounced antioxidant 
activities in a dose dependent manner and the effects 
depend strongly on the solvent used for extraction. 
The results showed that extracts of stalk of rhubarb 
exhibit antioxidant potential suggesting that Rheum 
rhabarbarum L. is a promising plant. 
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INTRODUCTION 
Herbs, spices and pl ants have been shown to possess 
a wide range of pharmacological and therapeutic 
properties and recently most researches are 
conducted to isolate and identify the compounds  
occurring in such plants for their medicinal and 
biological activities. Many studies have investigated 
the potential of plant secondary metabolites as  
antioxidants like phenols, flavonoids, vitamin C and E 
and tannin, etc against reactive oxygen species (ROS) 
which are responsible for various diseases including 
cancer, diabetes mellitus, atherosclerosis, heart 
diseases, neurodegenerative diseases and many other 
diseases that induced by free radicals (Broadhurst et.  
al., 2000).  
  
Synthetic antioxidants like butylated hydroxy toluene 
(BHT) and butylated hy droxyanisole (BHA) are 
usually used in oil or in fat rich food to protect against 
free radicals damage by scavenging reactive oxygen 
radicals or terminating radical chain reactions by 
donating hydrogen from their phenolic hydroxyl 
group, but due to health concerns resulted from the 
use of synthetic antioxidants much interest is given to 
the use of natural antioxidants from plants and herbs  
(Lu and Foo, 2000). It is generally accepted by  
customers that any medicine derived from plant 
sources are safer and healthier than their synthetic 
counterparts. Phenolic compounds derived from 
plants and herbs are one of the major groups of plant 
secondary metabolites that act as primary  
antioxidants and free radical scavengers, and 
flavonoids, in particular, are the most diverse 
phenolic compounds and probably the most 
important natural phenolics that possess a broad 
spectrum of biological and chemical activities 
(Oluyemi et. al., 2007). 
 
Rhubarb, the Rheum species, belongs to the 
Polygonaceae family. There are many kinds of Rheum,  
some of which, such as Rheum officinale B. and Rheum 
palmatum L., are known as medicinal rhubarb, while 
others, Rheum rhabarbarum L. for example, are 
known as vegetable rhubarb. The v egetable rhubarb,  
Rheum rhabarbarum L., is a wild grown plant of 
central Asia. The cul tivation of rhubarb began more 
than 2,000 y ears ago due to its medicinal purposes. 
Since the eighteen century, rhubarb has been a food 
crop in North America and is commonly used as an 
ingredient of jams, pies, and desserts owing to its 
unique taste (Dregus and Engel, 2003).  
 
Rhubarb (Rheum rhabarbarum L.) has been used as a 
traditional medicine in Far East countries (Matsuda 
et. al., 2001). The medicinal rhubarb, peeled dried 
root and rhizome of rhubarb, has been used as a 
laxative for over a thousand years (Clementi and 
Misiti, 2010). The medicinal rhubarb has also been 
well used to treat chronic renal failure in China and 
Japan for decades (Wang et. al., 2009). Studies have 
shown the renal protective effect of rhubarb such as  

reducing glomerulosclerosis and proteinuria,  
relieving uremic symptoms, lowering serum 
creatinine, improving hemoglobin level, and adjusting 
disturbance of lipid metabolism, while the effect on 
reducing the progression of end stage renal disease 
and number of deaths is still unclear. The components  
identified in rhubarb belong to classes including 
anthraquinones, dianthrones, naphthalins, stilbenes, 
galloyglucoses, anthocyanins, flavonoids, polyphenols, 
organic acids and acylglucose derivatives (Agarwal et.  
al., 2001; Lin et. al., 2006). The anthraquinones in 
rhubarb such as rhein, emodin, and aloe-emodin were 
reported to have cathartic, diuretic, antidiarrhea, anti-
diabetic, and anti-tumor effects (Clementi and Misiti, 
2010). 
 
The antioxidant activity of methanolic extract of 
Rheum palmatum and Rheum ribes leaves and stalks 
has been studied and the isolation of emodin was  
indicated. In addition, antioxidant activity of Rheum 
rhabarbarum L. leav es has been notified (Matsuda et.  
al., 2001). However, to date and to our knowledge,  
antioxidant activity of Rheum rhabarbarum L. stalks 
has not been reported. Therefore, in the present 
work, the antioxidant properties of different polar 
extracts from rhubarb stalks with respect to radical 
scavenging activities, chelating power, total 
antioxidant activity, phenolics and flavonoids  
contents were investigated. 
 
MATERIALS and METHODS 
Plant Materials  
Fresh rhubarb stalks were purchased at Tesco 
Supermarket in Cracow, Poland and taxonomic 
determination of rhubarb was confirmed by Assoc. 
Prof. Dr. Mirosław Krośniak.  
 
Solvents extraction 
The ground sun-dried stalks (300g) were extracted 
separately with hexane, ethyl acetate and methanol 
using Soxhlet apparatus at 60°C until the refluxed 
solvent became colorless. The extracts were 
separately ev aporated to dryness at 40°C using a 
rotary evaporator (Heidol ph, Schwabach, Germany). 
The yields for stalk extracts were 6.6% (w/w) in the 
hexane extract, 5.3% in the ethyl acetate extract and 
4.2% in the methanol extract. All extracts were stored 
in separate screw cap brown bottles at 4°C before 
analysis. 
 
Determination of total phenolic compound contents 
The total phenolic compounds contents present in 
stalk extracts were determined according to the 
method described by Duh and Yen (1997). Catechole 
was used as the standard for the calibration curve.  
Aliquot (100 μL) from each extract solution (10 g/L) 
was transferred into 20 mL volumetric flask and 
diluted with 10 mL distilled water. Then 1 mL of 
Folin-Ciocalteau and 2 mL of sodium carbonate 
solution (10%, w/v) were added to each flask and 
mixed thoroughly by vortex. The volume is completed 
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with distilled water and the absorbance was  
measured at 760 nm against the reagent blank using a 
UV Visible spectrophotometer (Analyticjena Specord-
50, Jena, Germany). The total phenolic compound 
contents (mg/g) were expressed as catechole 
equivalent and calculated using the standard curve.  
 
Determination of total flavonoids and flavonols 
The total flavonoid and flavonol content of stalk 
extracts of rhubarb were determined according to the 
method described by Miliauskas (2004). An aliquot of 
1 mL of each plant extract (10 g/L) was mixed with 1 
mL of 2 % aluminum trichloride in ethanol. After 
vortexing the reaction mixture was diluted with 25 
mL ethanol and placed in dark place for 40 min at 
20°C and the absorbance was measured at 415 nm 
using spectrophotometer. A mixture of 1 mL from 
each plant extract and 1 drop of acetic acid diluted 
with 25 mL ethanol were served as blank and the 
absorbance was measured separately for each extract 
as described above. The amount of total flavonoids  
(mg/g) was calculated as rutin equivalents (RE) and 
calculated using the standard curve.  
 
Total flavonol content was determined as follows: an 
aliquot of 1 mL of each plant extract (10 g/L) was  
taken in a test tube and 2 mL of 2% aluminum 
trichloride solution in ethanol and 6 mL of 5% sodium 
acetate solution were added to each tube. After 
vortexing the reaction mixture, the tubes were 
allowed to stand for 2.5 hr at 20°C and the 
absorbance was recorded at 440 nm using 
spectrophotometer. A mixture of 1 mL from each 
plant extract and 2 mL of ethanol and 6 mL of sodium 
acetate solution were served as blank and the 
absorbance was measured separately for each extract 
as described above. The amount of total flavonols 
(mg/g) was calculated as rutin equivalents (RE) and 
calculated using the standard curve.  
 
1,1-diphenyl-2-picrylhydrazyl free radical-
scavenging assay  
1,1-diphenyl-2-picrylhydrazyl (DPPH.) stable radical 
was used to determine the free radical scavenging 
activity of stalk extracts of rhubarb (Hatano et.  
al.,1988). Sampl e extracts at various concentrations  
from 0-50 μL (1000 μg/mL) of methanol, ethyl 
acetate and hexane extracts was added to 1 mL of 
methanolic solution of DPPH. (6x10-5 M). After 
vortexing the reaction mixture, the decreases in 
absorbance of each extract and/or control (BHT) 
were measured at 517 nm after 30 minutes. The 
scavenging activity of the extracts was calculated as  
follows: 

 
 
 
 

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid radical-scavenging activity assay 
The 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid (ABTS.+) [2, 2`-azinobis (3-
ethylbezthiazoline-6 sulphonic acid] radical-
scavenging activity of stalk extracts of rhubarb was  
assayed by the method of Ozgen et. al. (2006). ABTS 
was dissolved in 20 mM acetate buffer (pH 4.5) and 
ABTS•+ radical was produced by reacting ABTS 
solution with potassium per sulfate. Prior to assay 
The ABTS•+ radical solution was diluted with the 20 
mM sodium acetate buffer (pH 4.5) to give an 
absorbance of 0.700±0.01 at 734nm in a 1cm cuvette.  
The extract of rhubarb stalk was diluted to a 
concentration that can produce between 20% and 
80% inhibition of the blank absorbance. After 
addition of 2 mL of ABTS.+ solution to various  
concentrations of rhubarb stalk extract, the reaction 
mixture was vortexed, allowed to stand at room 
temperature for 20min and the absorbance at 734 nm 
was recorded. The radical-scavenging activity of 
extracts was estimated based on percentage of the 
ABTS• color reduction by calculating the IC50 
(concentration in μg/mL that cause 50% inhibition of 
ABTS•+ radicals) using a non-linear regression 
analysis.  
 
Hydroxyl radical scavenging activity assay  
The scavenging activity of stalk extract of rhubarb on 
the hydroxyl radical (OH•) was  measured using a 
modified deoxyribose assay (Menaga et. al., 2013).  
The reaction was generated by Fenton’s reaction 
(from Fe2+ - ascorbate - ethylenediaminetetraacetic 
acid (EDTA) - hydrogen peroxide (H2O2) system). The 
reaction mixture containing 10 μL of FeCl3 (10 mM), 
100 μL EDTA (1 mM), 100 μL H2O2 (10 mM), and 360 
μL of 2-deoxy - D-ribose (10 mM), 0-200 μL (1000 
μg/mL)) from rhubarb extract, 330 μL of phosphate 
buffer (50 mM, pH 7.4). The reaction was started by 
adding 100 μL (100μM) ascorbic acid. After 
incubation at 37°C for 1h, aliquot of 1 mL of incubated 
mixture was mixed with 1mL of 10% trichloroacetic 
acid (TCA) and 1 mL of 0.5% 2-thiobarbituric acid 
(TBA) (in 0.025M NaOH containing 0.025% butylated 
hydroxyl anisole) and the dev elopment of pink 
chromogen was recorded spectrophotometrically at 
532 nm against a blank (the same solution but 
without reagent). OH• scavenging activity of the stalk 
extract was estimated based on percentage inhibition 
of deoxyribose degradation from the following 
formula: 
 

 
 
Determination of chelating power activity 
Chel ating power of stalk extract of rhubarb was  
determined according to the method described by  
Kumar et. al. (2008). Briefly: aliquot of 100 μg/mL 
from each extract was mixed with 0.1 mL of 2 mM 
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FeCl2 and 0.2 mL of 5 mM ferrozine solutions. The 
reaction mixture was then incubated at 25º C for 10 
min. The absorbance of the resulting solution was  
recorded at 562 nm for each extract. The FeCl2 and 
ferrozine mixture was used as control solution. The 
percentage inhibition (%) of the ferrous ion in the 
mixture was calculated by comparing the results of 
stalk extract of rhubarb with those of the control 
using the following formula: 
 

 
 
Determination of total antioxidant activity 
The total antioxidant activities of stalk extract of 
rhubarb was determined according to the method 
described by Umamaheswari and Chatterjee (2008) 
as follows: an aliquot of 0.1 mL of from each extract 
was vortexed with 1mL of a reaction solution 
prepared from 0.6 M H2SO4, 28 mM sodium 
phosphate, and 4 mM ammonium molybdate. The 
glass tubes were capped and incubated for 1.5h in a 
water bath at 95ºC,  and the tubes were cooled to 
room temperature. The absorbance of the reactant 
mixtures was recorded at 695 nm using 
spectrophotometer against blank. Ascorbic acid was  
used as standard. The antioxidant activity was 
expresses as mg equivalents to ascorbic acid.  
 
Statistical analysis  
Data were subjected to analysis of variance (ANOVA) 
by using the SPSS program version 16.0. Tukey Post-
hoc tests were performed when significant 
differences occurred at 5% level. All tests were 
performed in triplicate for each extracts. 
 
Results 
Total phenolic, flavonoid and flavonol contents of 
extracts 
The total phenolics, flavonoids and flavonols of 
different polar extracts obtained from stalk of 
rhubarb are shown in Table 1. The content of 
phenolic compounds varied between 51.6 and 227.1 
mg/g. It was the highest in the methanolic extract,  
followed by the ethyl acetate extract, and finally the 
hexane extract in decreasing order. The flavonoid 
content of ethyl acetate extract was significantly the 
highest (189.0±5.4 mg/g) followed by hexane extract 
(177.1±3.2 mg/g) and methanolic extract (154.3±6.7 
mg/g). The flavonol content varied from 61.7±1.4 
mg/g in the methanolic extract to 6.3±0.5 mg/g in the 
hexane extract. 
 
Radical -scavenging activities on 1,1-diphenyl-2-
picrylhydrazyl, hydroxyl and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid 
The DPPH free radical-scavenging activity of stalk 
extract from rhubarb and the standard antioxidant 
BHT is shown in Figure 1. Results showed that all 

rhubarb extracts exhibi ted stronger DPPH radical-
scavenging activity than the standard BHT in a dose 
dependent manner. The results showed that the 
methanolic extract exhibited significantly (p<0.05) 
the highest DPPH scav enging activity in a dose 
dependent manner (IC50 value 3.54±0.2 μg/mL). At 
concentration of 7.5 μg/mL, the inhibition of DPPH 
radical by methanolic extract was 78.3%, while for 
ethyl acetate and hexane extracts the inhibition were 
78.1% and 14.5%, respectively. The inhibi tion of 
DPPH radical by BHT standard at the same 
concentration was 14.1%. The IC50 values of various  
extracts from rhubarb on DPPH radical scavenging 
activity were in the following decreasing order; BHT > 
hexane extract > ethyl acetate extract > methanolic 
extract (Table 1).  
 

 
Figure 1. 1,1-diphenyl-2-picrylhydrazyl free radical scavenging 
activities (% inhibition) for different extracts from rhubarb stalks. 
(BHT: butylated hydroxytoluene) 
 
The ability of rhubarb extracts to scavenge hydroxyl 
radical was evaluated using different concentrations  
from each extract. The IC50 values of different rhubarb 
extracts are shown in Table 1. The methanolic extract 
showed significantly (IC50 values 75.1±2.9 μg/mL) the 
highest activity in quenching the hydroxyl radicals 
(diminishing chromogen formation) and in a dose 
dependent manner. 
  
In ABTS radical scavenging assay, the IC50 values for 
different extracts from rhubarb stalk are shown in 
Table 1. All the studied stalk extracts showed good 
ABTS radical scavenging activities and the 50% 
inhibition of the radical was achieved at 
concentrations ranged from 46.2-60.9 μg/mL. ABTS 
radical scavenging activity of ethyl acetate extract 
was higher than the methanolic extract and BHT 
(p<0.05). Howev er, the activity of hexane extract was  
not determined because of the turbidity. 
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Table 1. Average phenolic, flavonoid and flavonol contents (mg/g) 
and radicals scavenging activities of rhubarb stalk extracts. 
                  

  
Phenolics 

(mg/g) 

 
Flavonoids 

(mg/g) 

 
Flavonols 

(mg/g) 

Total contents IC50 (µg/mL) * 
ABTS. OH. DPPH. 

Methanol 218.3±8.6b,c 154.3±6.7b,c 61.7±1.4b,c 47.9±1.3b,d 75.1±2.9b,c,d 3.54±0.2c,d 
Ethylacetate 153.9±3.5a,c 189.0±5.4a,c 32.6±3.0a,c 59.7±1.1a,d 105.7±2.2a,c,d 3.7±0.2c,d 
Hexane 52.8±1.3a,b 177.1±3.2a,b 6.3±0.5a,b N.D. 93.2±1.8a,b,d 7.62±0.4a,b,d 
BHT N.D. N.D. N.D. 53.1±2.2a,b 113.7±4.8a,b,c 13.41±0.6a,b,c 

        

        
        
       

      

 
aValues wer e significant ly different fro m th an methano l extr act  

bValu es w ere significantly different from th an ethylac etate extr act  
cValues w ere si gnificantly differ ent from than hexane extr act  
dValu es w ere significantly different from than BHT 
(BHT: butylated hydroxyto luene, N. D.: not determined ) 
 
Chelating power and total antioxidant activities 
Table 2 shows the chelating power and the total 
antioxidant activities of different extracts from 
rhubarb at concentration of 100 μg/mL. The 
methanolic extract of rhubarb stalk exhibited higher 
chelating activity on ferrous ion (96.3%) than the 
ethyl acetate and hexane extracts (89.8% and 46.7%, 
respectively). In addition, methanolic extract of 
rhubarb had significantly the highest total antioxidant 
activity (284.1 μg ascorbic acid equivalent/ mg 
extract) followed by ethyl acetate and hexane extracts  
(237.6 and 19.8 μg ascorbic acid equivalent/ mg 
extract, respectively). 
 
Table 2. Average total antioxidant activity and chelating power of 
various extracts from stalk of rhubarb at concentration of 100 
μg/mL. 

 Chelating 
power  

(Inhibition 
%) 

Total antioxidant activity 
 (μg ascorbic acid 

equivalent/mg extract) 

Methanol 96.3±2.2b,c 284.1±11.6b,c 

Ethylacetate 89.8±1.5a,c 237.6±10.0a,c 

Hexane 46.7±0.9a,b 19.8±2.7a,b 
aValues wer e significant ly different fro m th an methano l extr act  
bValu es w ere significantly different from th an ethylac etate extr act  
cValues w ere si gnificantly differ ent from than hexane extr act  
 
DISCUSSION 
The antioxidant properties of different extracts from 
rhubarb stalks have been evaluated using different 
models. It is evident from the results that the 
phenolic, flavonoid and flavonol contents were found 
in considerable amount in all extracts from stalks. 
Many studies have been suggested that the 
antioxidant properties of plants and herbs are 
directly related to their contents of phenolic 
compounds, flavonoids and flavonols which act by  
donating hy drogen from the phenolic hydroxyl 
groups (Lu and Foo, 2000; Miliauskas et. al., 2004).  
Therefore, the relationships between values obtained 
using different models to evaluate antioxidant activity 
and the content of phenolic, flavonoid and flavonol 
compounds were evaluated. With further data 
analysis a positive correlation between the total 
phenolic content of extracts and their DPPH radical 
scavenging activities was found at all concentrations. 
These results were in agreement with the results of 
other researchers whom found a linear relationship 
between phenolic content and antioxidant activity of 
studied plant extracts (Al-Dabbas et. al., 2010).  

Jang et. al. (2018) found that the phenolic compound 
contents of rhubarb stalk methanolic extract was 42 
mg/g. The difference in the results between this study  
and our s tudy may due to the difference in the 
standard used to establish the calibration curve to 
determine phenolic contents and to the method of 
extraction.  
 
OH• is known to be the most reactive free radical that 
can cause oxidative damage to DNA, proteins and 
lipids (Kumar et. al., 2008). The decolorization effect 
of extracts  in this study reflects the potent capacity of 
extracts to act as antioxidant by donating hydrogen 
atoms that inactivate this radical. All the stalk extracts  
showed good hydroxyl radical scavenging activities 
and the 50% inhibition of the radical was achieved for 
all solvents. The inhibitory potential of extracts  
against the hydroxyl radical scavenging activity 
follows the following decreasing orders; methanolic 
extract, hexane extract, ethyl acetate extract and BHT. 
It is obvious that different polar extracts from 
rhubarb stalks shown to possess a potential free 
radical scavenging activities against different radicals, 
suggesting the potential of these extracts in 
contribution in prevention of free radical mediated 
diseases.  
 
In our study, ethyl acetate extract of rhubarb stalk 
exhibited the highest ABTS radical scavenging 
activity. The ABTS radical assay was mainly evaluated 
in this study to check the existence of phenolic 
compounds with high molecular weight. Hagerman et 
al. (1998) reported that the higher molecular weight 
of phenolics is the stronger in quenching ABTS 
radicals. 
 
Transition metals like Fe+2 ions have been proposed 
as catalyst for the formation of radicals that induced 
damage to living cells. Chelating agents existed in 
plant extracts have the ability to reduce radical 
formation and subsequent lipid per oxidation due to 
their redox potential that stabilize the oxidized form 
of the metal ions (Elmastas et. al., 2006). The 
chelating activity of the rhubarb extracts were 
determined by quantitative measurement of ferrozine 
complex formation with Fe+2 ions. The formation of 
Fe+2 ferrozine complexes were hindered in the 
presence of extracts, indicating that rhubarb extracts  
chelate the iron and prev ent the completion of the 
reaction. The 50% chelating activity of the root 
extract of the same genus Rheum ribes L. was 
reported to be approximately 4-5 μg/mL (Öztürk et.  
al., 2007), thus Rheum ribes L. extract possessed 
higher chelating activity against ferrous ion than 
Rheum rhabarbarum L.  
 
The total antioxidant activity determination of 
rhubarb extracts using phosphomolybdenum method 
is based on the formation of green phosphate/Mo (V) 
complex resulted from the reduction of Mo (VI) to Mo 
(V) in acidic medium by the extract. This method is 
quantitative and the total antioxidant activity is 
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expressed as microgram ascorbic acid equivalent 
(Prieto et.  al., 1999). The reason of low antioxidant 
activity in the hexane extract could be due to the 
presence of prooxidants in s talk which dominate the 
antioxidant compounds present in the extract. 
 
This study showed that different polar extracts from 
the stalk of rhubarb exhibited different antioxidant 
activities according to model system used and these 
activities are mainly related to their phenolic 
compounds and flavonoid contents. Rheum 
rhabarbarum L. is considered a potential source of 
natural antioxidants and can inhibit unwanted 
oxidation processes. Further study is needed to 
isolate and characterize the antioxidant compounds  
from Rheum rhabarbarum L. 
 
Acknowledgement 
The authors sincerely thank the laboratory  
technicians and assistants in Jagiellonian University, 
Medical Collage, Department of Food Chemistry and 
Nutri tion.  
 
REFERENCES 
Agarwal SK, Singh SS, Lakshmi, V, Verma S, Kumar S. Chemistry and 

pharmacology of rhubarb Rheum species-A review. JSIR 
2001;60(1):1-9. 

Al-Dabbas M, Kitahara K, Suganuma T, Hashimoto F, Tadera K. 
Antioxidant and α-amylase inhibitory compounds from aerial 
parts of Varthemia iphionoides. Biosci Biotechnol Biochem 
2006;70(9):2178-84. 

Broadhurst CL, Polansky MM, Anderson RA. Insulin-like activity of 
culinary and medicinal plant aqueous extracts in vitro. J Agric 
Food Chem 2000;48(3):849-52. 

Clementi EM, Misiti F. Potential Health Benefits of Rhubarb. In: 
Watson RR, Preedy VR (Editors). Bioactive Foods in Promoting 
Health. 1st Edition, San Diego: Academic Press, 2010:407-423. 

Dregus M, Engel KH. Volatile constituents of uncooked rhubarb 
(Rheum rhabarbarum L.) stalks. J Agric Food Chem 
2003;51(22):6530-6. 

Duh P, Yen G. Antioxidative activity of three water extracts. Food 
Chem 1997;60(4):639-45. 

Elmastaş M, Gülçin D, Beydemir Ş, Küfrevioğlu ÖD, Aboul-Enein HY. 
A study on the in vitro antioxidant activity of juniper (Juniperus 
communis L.) seeds extracts. Anal Lett 2006;39(1):47-65. 

Hatano T, Kagawa H, Yasuhara T, Okuda T. Two new flavonoids and 
other constituents in licorice root; their relative astringency 
and radical scavenging effects. Chem Pharm Bull 
1988;36(6):2090-7. 

Jang WH, Hsu WH, Hengel MJ, Shibamoto T. Antioxidant activity of 
rhubarb (Rheum rhabarbarum L.) extract and its main 
component emodin. Nat Prod Chem Res 2018;6(3):316-9. 

Kumar K, Ganesan K, Rao P. Antioxidant potential of solvent 
extracts of Kappaphycus alvarezii (Doty) Doty-An edible 
seaweed. Food Chem 2008;107(1):289-95. 

Lin CC, Wu CI, Lin TC, Sheu SJ. Determination of 19 rhubarb 
constituents by high-performance liquid chromatography-
ultraviolet-mass spectrometry. J Sep Sci 2006;29(17):2584-93. 

Lu Y, Foo Y. Antioxidant radical scavenging activities polyphenols 
from apple pomace. Food Chem 2000;68(1):81-5. 

Matsuda H, Morikawa T, Toguchida I, Park JY, Harima S, Yoshikawa 
M. Antioxidant constituents from rhubarb: structural 
requirements of stilbenes for the activity and structures of two 
new anthraquinone glucosides. Bioorg Med Chem 
2001;9(1):41-50. 

Menaga D, Rajkumar S, Ayyasami P. Free radical scavenging activity 
of methanolic extract of Pleurotus florida mushroom. Int J 
Pharm Pharm Sci 2013;5(4):601-6. 

Miliauskas G, Venskutonis PR, Van-beek TA. Screening of radical 
scavenging activity of some medicinal and aromatic plant 
extracts. Food Chem 2004;85(2):231-7. 

Oluyemi K, Okwuonu U, Baxter D, Oyesola T. Toxic effects of 
methanolic extract of Aspilia africana leaf on the estrous cycle 
and uterine tissues of Wistar rats. Int J Morphol 
2007;25(3):609-14. 

Ozgen M, Resse R, Tulio A, Scheerens J, Miller R. Modified 2,2 -̀
azino-bis-3-ethylbezthiazoline-6 sulphonic acid (ABTS) method 
to measure antioxidant capacity of selected small fruits and 
comparison to ferric reducing antioxidant power (FRAP) and 
2,2`-diphenyl-1-picrylhydrazyl (DPPH) methods. J Agric Food 
Chem 2006;54(4):1151-7. 

Öztürk M, Aydoğmuş-Öztürk F, Duru ME, Topçu G. Antioxidant 
activity of stem and root extracts of Rhubarb (Rheum ribes): An 
edible medicinal plant. Food Chem 2007;103(2):623-30. 

Prieto P, Pineda M, Aguilar M. Spectrophotometric quantitation of 
antioxidant capacity through the formation of a 
phosphomolybdenum complex: specific application to the 
determination of Vitamin E. Anal Biochem 1999;269(2):337-
41. 

Umamaheswari M, Chatterjee T. In vitro antioxidant activities of the 
fractions of Coccinnia grandis L. leaf extract. Afr J Trad Compl 
Altern Med 2008;5(1):61-73. 

Wang J, Zhao Y, Xiao X, Li H, Zhao H, Zhang P, Jin C. Assessment of 
the renal protection and hepatotoxicity of rhubarb extract in 
rats. J Ethnopharmacol 2009;124(1):18-25. 

20 
 


