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antioxidant capacity 
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Abstract 
The concentration of total polyphenolic compounds and the proportion of flavonoids and tannins in four 
medicinal plants of Senna species (S. splendida, S. georgica, S. macranthera var pudibunda and S. 
gardneri) of the species Senna Mill. were determined. On average, the higher amounts (on a dry weight 
basis) of polyphenolic compounds were detected in the botanical parts of S. gardneri (leaves and root = 
425 g/kg) followed by S. macranthera (leaves, fruits, bark and root = 357 g/kg), S. georgica (leaves, bark 
and root = 182 g/kg) and S. splendida (leaves, flowers, bark and root = 145 g/kg). Tannins represented 
the major polyphenolic compounds at 80, 75, 55 and 40 % in S. gardneri, S. macranthera, S. splendida, 
and S. georgica respectively. The antioxidant capacities of S. gardneri and S. macranthera extracts were 
superior to those of S. georgica and S. splendida reflecting their higher concentration of total 
polyphenolics. Word count = 149. 
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1. Introduction 
The genus Senna Mill. belonging to the tribe Cassieae Bronn, subtribe Cassinae Irwin & 
Barneby, along with the genus Cassia, are important sources of secondary plant substances 
with large structural diversity in the Fabaceae family. The species of Chamae crista Moench 
and Senna were included in Cassia L. until the taxonomic modifications of Irwin & Barneby 
[1], when these genres were separated. 
Extracts of Senna species have several popular applications, the oldest being as a laxative, 
attributed mainly to the presence of anthraquinones and biantronas, notably senosoides A and 
B, (Senna alexandrina, Cassia angustifolia and Senna acutifolia) and as pigments (Senna 
cernua (Balbis) I. & B., Senna multijuga (L. C. Rich.) [2, 3]. Several other proven and relevant 
biological activities such as anti-allergic, anti-inflammatory, antioxidant, antibacterial, 
antimicrobial, analgesic, antiparasitic, insecticidal, antitumor, hepatoprotective and antifungal 
are reported for several species of Senna [4].  
Most studies conducted on the chemical composition of the genus Senna report the isolation of 
anthraquinones, particularly chrysophanol and fisciona. [5]. However, substances belonging to 
other classes of compounds such as alkaloids, flavonoids, xanthones, triterpenes, stilbenes and 
steroids have also been reported.  
Prior to the commencement of our study, a literature review revealed a complete absence of 
phytochemical, biologic and pharmacologic studies performed on Senna gardneri, Senna 
georgica, Senna splendida and Senna macranthera var pudibunda species. However a recent 
report reveals that the leaves of Senna species of which three are studied here, contain the 
following classes of secondary plant substances namely triterpenes, phenolic acids and steroids 
[6] and (2R∗,3S∗,4S∗,2″R∗,3″S∗)-guibourtinidol-(4α→8)-catechin, a biflavanoid procyanidin of 
the proguibourtinidin group was recently purified and identified in S. macranthera var. 
pudibunda root extracts [7]. 
 
Materials and Methods 
Reagents 
Dimethyl sulfoxide (DMSO), methanol, NaHCO3, Na2HPO4, NaH2PO4 and tannic acid were 
purchased from Merck (Darmstadt, Germany); K2HPO4 and KH2PO4 from Serva (Heidelberg, 
Germany); AlCl3, casein, DPPH (2,2-diphenyl-1-picrylhydrazyl), FeCl3.6H2O, NaHCO3,  
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fluorescein, Folin−Ciocalteu phenol reagent N2 and Trolox 
from Sigma-Aldrich Chemie (Steinheim, Germany); n-
hexane, methanol, 2,4,6,-tripyridyl-s-triazine complex (TPTZ) 
from Fluka-Riedel de Haen (Seelze, Germany) while 3,3′-azo-
bis(2-amidinopropane) dihydrochloride (AAPH) was obtained 
from Wako Chemicals (Neuss, Germany), and rutin from 
Extrasynthese (Lyon Nord, Genay, France). All solutions 
were made up in double distilled water, DMSO or methanol. 

Plant material 
Botanical samples of the Senna plants were collected from 
several locations of Ceará, Brazil, and were identified at the 
Biology Department, Universidade Federal do Ceará (UFC). 
Voucher specimens are deposited in the Prisco Bezerra 
Herbarium, UFC, Brazil as shown in Table 1. 
 

 
Table 1: Species, collection location, date of collection and voucher number of Senna Mill. Species selected for the present study 

 

Botanical name Collection location Date of collection Name popular Voucher number 

Senna gardneri Irwin & Barneby Viçosa do Ceará/Ceará 27/08/2010 
São-João and São 
João da caatinga 

47385 

Senna georgica Irwin & Barneby 
Pico Alto, 

Guaramirang/Ceará. 
09/02/2008 

Mata pasta and lava 
prato 

41630 e 
41631 

Senna macranthera var pudibunda 
(Benth.) Irwin & Barneby 

Crato/Ceará 22/07/2013 São João (geral) 54170 

Senna splendida (Vogel) Irwin & 
Barneby 

Tianguá/Ceará 26/08/2010  47388 

 
Soxhlet extraction of plant material  
The botanical samples were carefully separated and dried to 
constant weight. Dried material (10g) was extracted with n-
hexane in a Soxhlet apparatus (3 h) to remove lipid. After 
drying, the solids were further extracted with methanol (3 x 3 
h). Extracts were pooled and organic solvent removed by 
rotary evaporation at 35 °C in vacuo. 
 
Determination of total polyphenolic compounds and 
tannins  
The concentration of total polyphenolic compounds and 
tannins in methanol extracts of Senna were determined 
colourimetrically using Folin-Ciocalteau reagent [8, 9]. 
Methanol solutions of the extracts at a concentration of 1.0 
mg/mL were used in the analyses. The reaction mixtures were 
prepared in triplicate by admixture of 50 µL of the methanol 
solutions, 450 µL double distilled water, 250 µL Folin-
Ciocalteu reagent and 1.25 mL NaHCO3 (20%). This solution 
was mixed thoroughly, and allowed to stand for 40 minutes at 
room temperature. The absorbance of the solutions at λmax 

765nm using a spectrophotometer (Pharmacia Biotech, 
Ultrospec 3000) were evaluated and the concentration of total 
phenolic compounds determined from a standard curve (0-25 
µg/mL) of tannic acid (y = 0.0377x - 0.0753; R2 = 0.9977) 
treated in a similar manner.  
Tannins were determined by the casein precipitation method, 
which entailed adding 1 g casein powder to a flask and 6.0 
mL of the 1.0 mg/mL extracts to 6.0 mL of double distilled 
water, and the mixture was kept under constant agitation for 
three hours at room temperature (25 °C). The samples were 
filtered through Whatman filter paper (9 cm) and 100 µL of 
the filtrates (in triplicate) were worked-up as for total phenolic 
compounds. The absorbance was again determined at λmax 

765nm using a spectrophotometer (Pharmacia Biotech, 
Ultrospec 3000). The concentration of tannins was calculated 
from the difference between the values obtained before and 
after precipitation with casein, and are expressed in terms of 
tannic acid equivalents (TAE) in g/kg extract (standard 
deviation). 
 
Determination of flavonoid concentration 
The concentration of flavonoids in methanol extracts of Senna 
Mill. was again determined using a spectrophotometric 
method [10]. Methanol solutions of the extracts at a 
concentration of 1.0 mg/mL were used in the analyses. One 

mL of extract solution was added to 1.0 mL of 2% AlCl3 

solution dissolved in methanol, and the samples (in triplicate) 
were incubated for an hour at room temperature. The 
absorbance was determined at λmax 415nm using a 
spectrophotometer (Pharmacia Biotech, Ultrospec 3000). The 
same procedure was repeated for standard solutions of rutin 
and a calibration curve in the range (0-0.04 mg/mL) was 
constructed (y = 34.938x + 0.0191; R2 = 0.9953). The content 
of flavonoids in extracts is expressed in terms of rutin 
equivalents (RUE) and expressed as g/kg extract (standard 
deviation). 
 
DPPH radical scavenging assay 
The ability of the Senna extracts to scavenge DPPH free 
radicals was determined by using the DPPH radical 
discolouration method [11]. The extracts were prepared in 
methanol at different concentrations between 0.25 and 1.0 
mg/mL. Twenty microliters of the different concentrations 
were placed in 96 well plates in duplicate. The reaction was 
initiated by adding 180 µL of DPPH solution (20 µg/mL in 
methanol). The absorbance was read at 515 nm over 45 min 
with an Universal Micro plate reader Elx 800 (Bio-Tek 
Instruments, Winooski, VT). Steady-state levels were 
achieved within the first 10 minutes versus a control 
(methanol). The concentration of DPPH radical was 
calculated from a standard curve of DPPH between 1.0 and 
100 µg/mL measured simultaneously. For comparison, the 
IC50 values for each extract (concentration of each extract 
where 50% of the DPPH radical is scavenged) were calculated 
with the DPPH values at 10 minutes, for different 
concentrations using the Table curve program (Jandel 
Scientific, Chicago, IL). 
 
Ferric reducing ability of plasma (FRAP) assay 
The ferric íon reducing antioxidant power assay measures the 
ability of antioxidants to reduce [Fe3+- (TPTZ)]3+ to a blue 
colored ferrous complex [Fe2+- (TPTZ)]2+. The dilution of the 
different extracts was identical to that described for the DPPH 
assay. Ten microliters of extract was incubated with 30 µL of 
water and 300 µL of FRAP reagent, consisting of 25 mL of 
acetate buffer (300 mM sodium acetate buffer, pH 3.6), 2.5 
mL of TPTZ (10 mM TPTZ in 40 mM HCl), and 2.5 mL of 
FeCl3 solution (20 mM FeCl3.6H2O in water) at 37 °C. Ten 
µL of the extracts, plus distilled water (30 µL) at 37 °C were 
added to a 96 well-plate, and 300 µL of FRAP reagent was 
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added to initiate the reaction. All reagents were freshly 
prepared and warmed to 37 °C before measurement. A 
calibration curve of ferrous sulfate (0.01-1.0 mM), was 
measured simultaneously and the results are expressed in mM 
Fe 2+/L. 
The absorbance was read at λ 595nm. The reaction of all 
extracts reached a steady-state level after 5 minutes. A linear 
regression curve was generated at the 5 min. reaction time-
point for different concentrations of extracts with the 
Microcal Origin 5.0 program. Using these regression curves, 
the EC1 values were calculated, as the concentrations of 
antioxidant giving an absorbance equivalent to a 1 mM Fe (II) 
solution according to Pulido et al. [12]. 
 
Oxygen radical absorbance capacity (ORAC) assay 
3, 3′-Azo-bis-(2-amidinopropane) dihydrochloride (AAPH) 
(Wako Chemicals) was used as a peroxyl radical generator, 
and fluorescein (0.21µM in ORAC buffer) was used as a 
redox-sensitive fluorescent indicator [13]. 
Aliquots of 20 µL, of a 10 mM stock solution of Trolox in 
DMSO were stored at -20 °C, melted, and diluted with ORAC 
buffer, to a final concentration of 20 µM immediately before 
use. The ORAC buffer, contained 75 mM potassium hydrogen 
phosphate/potassium dihydrogen phosphate at pH 7.4. Freshly 
prepared sample solutions (1.0 mM), in methanol or DMSO, 
were diluted in ORAC buffer, to a final concentration of 20 
µM. Ten microliters of the sample, buffer, or Trolox solution 
together with 170 µL of fluorescein solution were placed in 
quadruplate in a 96 well plate and incubated at 37 °C for 10 
minutes. The exterior wells of the plates were not used for 
experimental determinations. The reaction was initited by 
addition of 20 µL of APPH solution (103.5 mg/2 mL buffer), 

freshly mixed on ice immediately before use. 
The decline of fluorescence was measured at 37 °C every 2 
min. until completion at 122 min. using a Cytoflour 4000 
fluorescent microplate reader, excitation wavelength Ex 
530/25 nm, and emission wavelength Em 585/30 nm 
(Perspeptive Biosystems, MN). The net area under the curve 
(AUC) of the standards and samples was calculated. The final 
ORAC values were calculated using the regression equation 
between the Trolox concentration and the net AUC and are 
expressed as relative ORAC units, where one ORAC unit 
equals the inhibition of the declining fluorescence produced 
by 1 µM Trolox. 
 
Statistics 
The relation between the phenolic compound and antioxidant 
variables were determined by linear regression using Excel. 
 
Results and Discussion 
Concentration of total phenolic compounds, flavonoids 
and tannins in Senna Mill. Extracts 
On average (Table 2), across the species the higher amounts 
(on a dry weight basis) of polyphenolic compounds were 
detected in the botanical parts of S. gardneri (leaves and root 
= 425 g/kg) followed by S. macranthera (leaves, fruits, bark 
and root = 357 g/kg), S. georgica (leaves, bark and root = 182 
g/kg) and S. splendida (leaves, flowers, bark and root = 145 
g/kg). Tannins represented the major polyphenolic 
compounds at 80, 75, 55 and 40 % in S. gardneri, S. 
macranthera, S. splendida, and S. georgica respectively. The 
higher amount of flavonoids were detected in S. splendida (30 
%) followed by S. georgica (16 %), S. gardneri (13 %) and S. 
macranthera (9 %).  

 
Table 2: Concentration of total phenolic compounds, tannins and flavonoids in methanol extracts from species of Senna Mill. 

 

Senna species 
Botanical 

part 
TPCa 

(TAE; g/kg) 
Total tanninsb 
(TAE; g/kg) 

Total flavonoidsc 
(RUE; g/kg) 

S. gardneri leaves 537.40 ± 6.42 439.00 ± 2.41 77.37 ± 11.89 

S. gardneri root 313.40 ± 3.29 242.98 ± 2.62 36.93 ± 1.12 

S. georgica bark 131.30 ± 2.85 32.50 ± 2.21 40.58 ± 1.37 

S. georgica leaves 94.24 ± 2.02 56.66 ± 2.03 29.50 ± 0.90 

S. georgica root 321.60 ± 2.46 130.80 ± 3.17 15.33 ± 1.16 

S. macranthera bark 304.70 ± 2.06 212.30 ± 2.09 26.44 ± 0.18 

S. macranthera leaves 336.81 ± 3.51 248.30 ± 3.13 48.85 ± 2.99 

S. macranthera fruits 244.38 ± 2.30 147.81 ± 2.11 20.70 ± 5.21 

S. macranthera root 543.74 ± 2.84 464.50 ± 5.54 34.09 ± 1.65 

S. splendida flowers 189.20 ± 2.40 108.80 ± 3.63 48.70 ± 3.25 

S. splendida leaves 92.90 ± 2.11 4.80 ± 2.39 71.88 ± 1.54 

S. splendida root 198.00 ± 2.46 113.30 ± 2.05 32.82 ± 1.65 

S. splendida bark 99.79 ± 2.14 92.90 ± 2.16 18.74 ± 0.55 
a TPC: Total phenolic compounds, bTAE: Tannic acid equivalents, c RUE: Rutin equivalentsmean (SD); n = 3 

 
Antioxidant capacity of methanol extracts of Senna 
species 
The antioxidant capacities of the methanol extracts of Senna 
species Mill. as determined by the various assays are shown 
in Table 3. In the DPPH assay, the more effective extracts 
were those of S. gardneri leaves (IC50, 59.82 µg/g), S. 
macranthera leaves (IC50, 63.04 ug/g) and S. splendida 

flowers (IC50, 81.32 µg/g); in the FRAP assay the more 
effective extracts were S. macranthera leaves (EC1, 38.17 
µg/g), S. gardneri leaves (EC1, 285.95 µg/g) and S. 
macranthera roots (EC1, 298.26 µg/g) and in the ORAC assay 
the more effective extracts were those of S. macranthera roots 
(10.03 ORAC units), S. macranthera bark (5.31 ORAC units) 
followed by S. macranthera leaves (5.07 ORAC units). 
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Table 3: Antioxidant capacity of methanol extracts from species of Senna Mill as determined by the DPPH, FRAP and ORAC assays 
 

Senna species 
Botanical 

part 
DPPH IC50 (µg/g)a 

FRAP EC1 
(µg/g)b 

ORAC 
(units)c 

S. gardneri root 105.48 543.00 2.64 
S. gardneri leaves 59.82 285.95 4.95 
S. georgica bark 200.35 843.71 1.81 
S. georgica leaves 2741.08 2962.00 0.63 
S. georgica root 111.24 486.00 2.85 

S. macranthera bark 221.46 503.42 5.31 
S. macranthera leaves 63.04 38.17 5.07 
S. macranthera root 91.59 298.26 10.03 
S. macranthera fruits 370.35 1184.80 1.26 

S. splendida bark 199.56 658.67 2.64 
S. splendida flowers 81.32 486.83 3.28 
S. splendida leaves 410.87 1487.75 2.13 
S. splendida root 184.55 843.00 2.00 

aIC50: concentration of extract (µg/g) where 50 % of the DPPH radical is scavenged 
bEC1: concentration of extract (µg/g) giving an absorbance increase equivalent to 1 mM Fe 2+ solution. 
cOne ORAC unit equals the inhibition of the declining fluorescence produced by 1 µM Trolox 

 
Correlation between total phenolic content and 
antioxidant capacity 
The best correlation (Table 4) between total phenolic 
compounds and antioxidant capacity was obtained in the 
ORAC assay (r = 0.80; p < 0.001) followed by the FRAP 
assay (r = -0.67; p < 0.01) whereas the correlation in the 
DPPH assay was not significant (r = -0.34; p = 0.26). 
 

Table 4: Correlation between the antioxidant assays and total 
phenolic compounds 

 

Antioxidant assay Correlation 
DPPH vs. total phenolic compounds r = -0.34 (p = 0.258) (n=13) 
FRAP vs. total phenolic compounds r = -0.67 (p < 0.01) (n=13) 
ORAC vs. total phenolic compounds r = 0.80 (p < 0.001) (n=13) 

 
Correlation between total tannin content and antioxidant 
capacity 
Similar correlations (Table 5) between total tannins and 
antioxidant capacity were also observed in the ORAC assay (r 
= 0.82; p < 0.001) followed by the FRAP assay (r = -0.68; p < 
0.05) and the DPPH assay (r = -0.59; p < 0.05). 
 
Table 5: Correlation between the antioxidant assays and total tannins 

 

Antioxidant assay Correlation 
DPPH vs. total tannins r = -0.59 (p < 0.05) (n=13) 
FRAP vs. total tannins r = -0.68 (p < 0.05) (n=13) 
ORAC vs. total tannins r = 0.82 (p < 0.001) (n=13) 

 
Correlation between total flavonoid content and 
antioxidant capacity 
Only negative correlations (Table 6) were observed between 
total flavonoids and antioxidant capacity in all three assays. 
 

Table 6: Correlation between the antioxidant assays and total 
flavonoids 

 

Antioxidant assay Correlation 
DPPH vs. total flavonoids r = 0.15 (p = 0.63) (n=13) 
FRAP vs. total flavonoids r = -0.11 (p = 0.73) (n=13) 
ORAC vs. total flavonoids r = 0.13 (p = 0.66) (n=13) 

 
Correlation between the antioxidant assays 
The strongest correlation (Table 7) among the antioxidant 
capacity assays was observed between the DPPH and the 
FRAP assays (r = 0.92 p < 0.001) followed by the FRAP and 
ORAC assays (r = -0.60; p < 0.05) and the DPPH and ORAC 
assay (r = -0.49; p = 0.103). 

Table 7: Correlation between the antioxidant assays 
 

Antioxidant assay Correlation 
DPPH vs. FRAP r = 0.92 (p < 0.0001) (n=13) 
FRAP vs. ORAC r = -0.60 (p < 0.05) (n=13) 
DPPH vs. ORAC r = -0.49 (p = 0.103) (n=13) 

 
Conclusions 
Our data shows that the botanical parts of the previously 
rarely studied species of Senna namely S. gardneri, S. 
georgica, S. splendida and S. macranthera var pudibunda 
species contain significant amounts of polyphenolic 
compounds.  
On average, across the species the higher amounts (on a dry 
weight basis) of polyphenolic compounds were detected in the 
botanical parts of S. gardneri (leaves and root = 425 g/kg) 
followed by S. macranthera (leaves, fruits, bark and root = 
357 g/kg), S. georgica (leaves, bark and root = 182 g/kg) and 
S. splendida (leaves, flowers, bark and root = 145 g/kg). 
Tannins represented the major polyphenolic compounds at 80, 
75, 55 and 40 % in S. gardneri, S. macranthera, S. splendida, 
and S. georgica respectively. The higher amount of flavonoids 
were detected in S. splendida (30 %) followed by S. georgica 
(16 %), S. gardneri (13 %) and S. macranthera (9 %). The 
major antioxidant species in the extracts are tannins 
(procyanidins), whereas flavonoids although apparently 
present in the extracts did not display the expected antioxidant 
capacities. It appears that the AlCl3 method of flavonoid 
detection in polyphenolic extracts is extremely non-specific. 
We conclude that extracts of the botanical parts of these 
species contain mainly procyanidins, and in some cases as 
yet, undescribed polyphenolic compounds. Experiments are 
ongoing to unravel the exact polyphenolic profile of the 
extracts of each botanical part of these Senna species, so that 
their structures can be unequivocally elucidated by high-
resolution NMR techniques. 
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