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ABSTRACT 

Objective: To provide information about the phytochemical features of the crude extract (CruE) and fractions of the forageBauhinia glabra Jacq., 
Fabaceae, and present themultivariate correlation between its metabolites and the antioxidant properties.  

Methods: Studies were carried out by extraction with ethanol, sequential partition with hexane, chloroform and ethyl acetate, determination of the 
total yield of extraction, qualitative and quantitative estimation of phytochemicals.Then, the evaluation of antioxidant properties by four methods: 
1,1-diphenyl picrylhydrazyl free radical scavenging assay (DPPH), the reduction power, the evaluation of inhibition of lipid peroxidation (TBARS) 
and the evaluation of recovery of content of methemoglobin in erythrocytes.  

Results: Phytochemical analysis on CruErevealed the presence of chlorophylls, carotenoids, coumarins, phytosterols, anthocyanins, tannins and 
flavonoids. Quantitative estimation of metabolites on CruE showed high concentration of phytosterols (42.21±2.34) mg/gdw and total phenolic 
(58.50±1.98) mg/gdw. The best results onthe antioxidant properties on each assay were the chloroform fraction (ChlF) with 13.76±0.23 and 
methanolic fraction (MetF) with 13.46±0.45 of half-maximal inhibitory concentration (IC50

Conclusion: Based on multivariate analysis, HexFthat presented the highest concentration of phytosterols, has the highest reduction power and 
was more effectivefor inhibition of lipid peroxidation and in recoveringmethemoglobincontent. Therefore, the mechanism of these activities seems 
to be related to the reduction power presented by phytosterols. 

) values (DPPH).The HexF(60.99±1.76%) and 
ChlF(64.40±1.73%), both based on reduction power of ascorbic acid. The HexF(73.54±2.74%) of inhibition of lipid peroxidation (TBARS), and 
HexFwith 7.28±0.36% amount of methemoglobin.  

Keywords: Bauhinia glabraJacq., Fabaceae, Antioxidant, Methemoglobin, Phytosterols, Phytochemical features, Multivariate analysis. 

 

INTRODUCTION 

The genus Bauhinia belongs to family Fabaceae, being pan tropical 
with distribution in Africa, Asia, and in several countries in Latin 
America [1]. According to the literature, several medicinal 
properties have been assigned to the species of Bauhinia, which 
include antidiabetic, anti-inflammatory, analgesic/antinociceptive, 
hypocholesterolemic and most of these species have been frequently 
used in folk medicine to treat diabetes [2; 3].Chemical features 
previously reported for Bauhinia include the isolation of alkaloids, 
tannins, terpenoids, sterols, triterpenes, and more frequently 
flavonoids [3; 4;5;6;7]. 

The species Bauhinia glabra Jacq., Fabaceae, also known as “cipó-de-
escada”, has a leguminous bent stem, which is staggered and 
simulates a stair. The only report found in the literaturesuggest that 
this species is used as feed for ruminants in Brazil, but no studies 
have been found reporting on its chemical composition, only 
bromatological analysis was conducted [8]. 

According to [9] and [10], oxidative stress is one of the most 
important issues related to the tenderness of meat. During the 
production ofthe meat, oxidative stress can intervene in a negative 
way affecting the quality of production of collagen and therefore the 
softness of meat.Using a convenient feed that contains antioxidant 
proprieties will result in a better response from the animal related 
to several inflammatory reactions between immunologic parameters 
that can make the necessity of antibiotics minor. In addition, 
phenolic compounds can change the ruminant microbiota reducing 
the incidences of diarrhea and obesity [11]. The objective of this 
research is to provide information about the phytochemical features 
of the crude extract (CruE) and the fractions of B. glabra and the 

multivariate correlation between its metabolites and the antioxidant 
properties. 

MATERIAL AND METHODS 

Chemicals 

All the chemicals used were of analytical grade and purchased from 
Aldrich and Merck. The spectrophotometer used was SHIMADZU - 
UV 1601 PC. 

Plant Material  

The botanical material (stem) was collected inthe month of 
October,at Rondonópolis,(state of Mato Grosso do Sul, Brazil). The 
samples were dried in a greenhouse at 30°C for 72 hours, and 
grinded in a hammers mill. The botanical determination was 
conducted by biologist Osmar dos Santos Ribas, in the Municipal 
Botanical Museum in Curitiba (Paraná-Brazil) by comparison with a 
voucher registered under the number 287876. 

Extraction Procedures  

The plant material (2kg) was submitted to extraction in a Soxhlet 
apparatus with 95% ethanol at 78.4ºC for 24 hours, followed by 
filtering. The resulting solution was concentrated under reduced 
pressure down to 300ml and then left to dry at room temperature, to 
yield the corresponding crude extract (CruE). This sample was used 
to determinate the extractive yield,by the useof the following 
equation: 
 

Yield (%) = �
dry weight of extract

dry weight of plant powder
�X 100 
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This CruE was liquid-liquid partitioned yieldinga hexanefraction 
(HexF), chloroform fraction (ChlF), ethyl acetate fraction (EthF), 
Methanol fraction (MetF) and the remaining fraction (RemF). These 
samples were fully dried and used for the tests. The yields of 
partition were deduced using the following equation: 
 

Yield (%) = �
dry weight of fraction
dry weight of extract

�X 100 

Preliminary Phytochemical Analysis 

The qualitative evaluation of the presence of groups of metabolites 
was accomplished for the CruE, according to the methods described 
by [12] and [13]. 

Quantification of Metabolites  

The CruE and the five fractions were evaluated quantitatively to 
estimate the total contents of chlorophylls A and B (TChlCa and 
TChlCb)and carotenoids (TCarC) [14], phytosterols (TPhyC) [15], 
total phenolic content(TPheC) [16], anthocyanins (TAnthC)and 
tannins (TTanC) [17], and flavonoids (TFlaC) [18] following the well-
establishedmethods.  

DPPH (2,2- diphenyl -1- picrylhydrazyl) Radical Scavenging 
Activity 

This assay was carried out according to [19]. Five methanol 
solutions of CruE and fractions were prepared, with concentrations 
ranging from 2.0 to 12.5µg/ml, of which 2.5mlwas added to 1ml of 
0.03mmol/ml DPPH methanolsolution. For the HexF, five solutions 
that concentration ranged from 100 to 300µg/ml were used.  

A blank reagent with 2.5ml of the sample solution and 1ml of 
methanol was prepared for each sample. In parallel, a negative 
control containing 2.5ml of methanol and 1ml of DPPH solution was 
prepared. After 30 minutes, readings were conducted in a 
spectrophotometer at 518 nm. The positive control was ascorbic 
acid treated at the same as the samples. The ability of samples on 
reducing the DPPH radical was calculated as follows: 

C% = 100 − [
(A sample− A blank reagent) x 100

A control ] 

Phosphomolybdenum Assay (Reduction Power) 

This method was prepared based on [20]. A methanolic solution at 
200 µg/mL was prepared for crude extract and each fraction. Three 
hundred microliters ofeach sample was added to 3ml of reagent 
solution of phosphomolybdenum complex. Tubes were shut and 
kept in a boiler at 95ºC for 90 minutes and after cooling, the reading 
at 695 nm was run. Reactants without the tested samples were used 
as blank. The reduction power of the samples was compared to 
ascorbic acid (200µg/ml) which the reduction power was 
considered 100%. 

TBARS Assay (Lipid Peroxidation Evaluation) 

The assay was performed according [21] with modifications. The 
samples, CruE, fractions and the positive control (BHT) were 
prepared at 500 ppm in methanol. A sample without treatment was 
prepared as a negative control. In order to determinate the 
percentage of inhibition of lipoperoxidation, 0.4ml of H2O, 0.5ml of 
10 % egg yolk solution in water, 50µlof 0.07M ABAP and 1.5mlof 
20% acetic acid (pH 3.5) were added to the samples, followed by 
1.5mlof 0.8% thiobarbituric acid in 1.1% SDS (sodium dodecyl 
sulfate) solution.  

The samples were heated in a water bath at 95o for 1 hour. After 
cooling, 5ml of 1-butanol was added and the samples were 
centrifuged at 3000 rpm for 10 minutes. The absorbances of 
supernatant were measured at 532 nm. The inhibition of 
lipoperoxidation (%IP) was calculated as follows: 
 

%IP = [1 − �
Absorbance of samples

Absorbance of negative control�]x 100  

Antioxidant Activity over Erythrocytes 

The CruE and fractions were submitted to this assay, which is based 
on [22] with modifications. A 10% sheep red blood cell suspension 
(Newprov®) was prepared in pH 7.4 phosphate buffer. The tested 
samples were diluted in 0.9% NaCl, and tested at concentration of 
1000μg/ml. A volume of 200μl of the blood cell suspension was 
added to 500µl of the samples, which were then mixed slowly and 
left to rest for 3 hours at 37ºC. Subsequently, the samples were 
totally hemolyzed with 100µl of 1% saponnin. Solvent and 
phosphate buffer was used as a negative control.  

The results were reported as percentage of methemoglobin based on 
the sum of the absorbances at 540nm and 630 nm after hemolysis. 
The results were compared to ascorbic acid (100µg/ml), and the 
percentage of methemoglobin was calculated as follows: 

%Methe = �
Abs 630 x 100

Abs 540 + Abs 630
� 

 

Statistical Analysis 

All the experiments were accomplished in triplicate and expressed 
as means±SD. The means were compared by one-way ANOVA and 
the values were considered to be significantly at P<0.05. IC50

Sample 

 values 
were also calculated by linear regression analysis. Themultivariate 
analysis was performed by the use ofsoftware “Statistica 10.0”. 

RESULTS 

Phytochemical Features 

The chosen method to prepare CruE and the fractions proved to be 
suitable for the goals of this study. The yield of extraction is shown 
in table 1. 
 

Table 1: It shows the Yield of CruE and fractions of B. glabra 
Jacq. 

Solid Content (g/kg) 
CruE 92.85±1.44 
Samples Yield (%) 
HexF 21.39±0.90 
ChlF 20.06±1.02 
EthF 5.68±0.87 
MetF 40.23±1.62 
RemF 12.64±1.57 

*Data are expressed as means±SD (n=3) 
 

The preliminary phytochemical analysis of CruErevealed the 
presence of phytosterols, coumarins (not quantified), anthocyanins, 
tannins, and flavonoids, according to table 2. 

 

Table 2: It shows the total contents of metabolites of CruE of B. 
glabra Jacqt 

Samples Total content of metabolites (mg/g) 
TChlCa 0.01±0.002 
TChlCb 0.01±0.003 
TCarC 1.35±0.03 
TPhyC 42.21±2.34 
TAnthC 10.50±1.26 
TPheC 58.50±1.98 
TTanC 5.24±1.02 
TFlaC 2.83±0.06 

*Data are expressed as means±SD (n=3) 

In order to establish the relationship between the phytochemical 
features of the extract of B. glabra Jacq., with the antioxidant 
properties of it, the total content of the groups of metabolites 
wasevaluated in each fraction. The data are shown in table 3.
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Table 3: It shows the total content of metabolites per fraction of the CruE of B. glabra Jacq. 

Metabolites (mg/g) HexF ChlF EthF MetF RemF 
TChlCa 0.45±0.03 0.64±0.02 n.d. n.d. n.d. 
TChlCb 0,42±0.04 0.65±0.03 n.d n.d n.d 
TCarC 0,29±0.02 6.42±0.03 n.d n.d n.d 
TPheC n.d n.d 165.50±0.40 79.50±0.40 135.38±0.03 
TPhyC 106,34±0.40 68.02±0.50 n.d n.d n.d 
TAnthC n.d n.d n.d. n.d 83.08±0.50 
TTanC n.d n.d 6.02±0.70 6.02±0.80 19.65±0.80 
TFlaC n.d n.d 43.00±0.90 n.d n.d. 

*Data are expressed as means±SD (n=3); n.d. = not detected 
 

Table 4: It shows the results of the evaluation of antioxidant properties of CruE and fractions of b. glabra Jacq. 

Samples DPPH Phosphomolibidenium (%) TBARS (%) Methemoglobin (%) 
Pos. control 5.24a 100.00±0.03 52.31a d 5.75±2.45 a±0.32 
Neg. control - - - 10.62d

HexF 
±0.43 

162.29e 60.99±0.72 b 73.54±1.76 a 7.48±2.74 b

ChlF 
±0.33 

13.76b 64.40±0.23 b 56.02±1.73 cd 10.77±2.92 d

EthF 
±0.45 

37.54c 19.13±0.85 d 15.86±1.66 e 10.92±2.05 d

MetF 
±0.42 

13.46b 42.79±0.45 c 9.81±1.52 ef 10.81±2.58 d

RemF 
±0.38 

58.17d 9.20±0.61 e 7.20±1.63 f 9.25±2.09 c

CruE 
±0.30 

52.32c 37.54±0.45 c 59.3±0.47 bc 8.97±2.69 c±0.32 

*Data are expressed as means±SD (n=3 per group); Means were compared by Tukey Test (P< 0.05); a–f

 

: Samples with no statistical difference; 
Positive controls: DPPH (Ascorbic acid), Phosfomolibidenium (Ascorbic acid); TBARS (BHT), Methemoglobin recovery (Acid Ascorbic); Negative 
controls: Data with no treatment. 

Antioxidant Properties 

All the results of the researchon the antioxidant properties of CruE 
and fractions of B. glabra Jacq. are summarized in table 4. 

DPPH (2,2- diphenyl -1- picrylhydrazyl) Radical Scavenging 
Activity: This assay was accomplished for CruE and fractions (Table 
4), is an indicator of their respective antioxidant capacity. The means 
were grouped in five categories, in which ascorbic acid has shown 
the best results, followed by ChlF and MetF. The third category 
includes CruE, followed by RemF, and then HexF. 

Phosphomolybdenum Assay (Reduction Power) 

This essay presents the reduction power of CruE and fractions 
(Table 4). The means were grouped in five categories, in which 
ascorbic acid represents 100% of reduction power. Both fractions, 
HexF and ChlF, Showed the higher results, followed by MetF and 
CruE, EthF, and then RemF. 

TBARS Assay (Lipid Peroxidation Evaluation) 

This method presents the percentage of inhibition of lipid 
peroxidation present by CruE and fractions (Table 4). The means 
were grouped in six categories, in which Buthyl hydroxyl toluene 
(BHT) inhibited 52.31% of peroxidation, being equal to ChlF. There 
is no significant differences between ChlF and CruE activities, but 
CruE activity is clearly higher than that presented by BHT. The best 
result was 73.54% of inhibition of lipid peroxidation presented by 
HexF. The fractions EthF and MetF are grouped showing low activity, 
followed by RemF. There are no significant differences between 
MetF and RemF activities also. 

Antioxidant Activity over Erythrocytes 

The evaluation of antioxidant activity over erythrocytes presents the 
capacity of the samples on recovering of Methemoglobin (Fe3+) into 
oxihemoglobin (Fe2+

DISCUSSION 

). The means were grouped in four categories, in 
which ascorbic acid presents the higher activity, followed by HexF. Both 
fractions, CruE and RemF, showed a little activity. The ChlF, EthF and 
MetF were not different from the negative control (Table 4). 

The chemical composition and antioxidant properties of CruE and 
fractions were correlated by multivariate analysis (Fig. 1),and 
divided into four distinct groups based on similarity. The group 1 

includes HexF and ChlF. Group 2 that exhibits similarity related to 
phenolic content. Group 3, formed by only. EthF, and group 4, by 
RemF. The group 1 (both negative components) and the groups 2 
and 3 (both positive components) are in opposition, which suggests 
distinct features and properties among them. The group 4 has one 
positive and one negative component suggesting similarity with all 
the other groups in long distance. 
 

 

Fig. 1: It shows the principal component analysis (PCA) of 
similarity between the chemical features and the antioxidant 

properties of the samples. Samples are considered to be similar 
if they are located in the same Cartesian quadrant and in a 
maximum distance of one square, in all sides. Samples are 

considered to the have a linkage if at least one component is at 
the same signal (positive or negative). 

 

Accordingly, with this classification above,the contribution of each 
group of metabolites over the antioxidant properties was evaluated 
by clustering analysis (fig.2). 

The samples belonging to group 1, that exhibits the highest content 
of phytosterols, have a strict relation with the reduction power, the 
results in inhibition of lipid peroxidation and the recovery of the 
content of methemoglobin.In addition, the content of carotenoids 
presented in ChlF seems to influence directly the result of this 
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sample in DPPH assay. It can be explained by the nature of these 
metabolites, once they are electron transporters. 

On the other hand, phenolic compounds like tannins and flavonoids 
are more related with the results obtained on DPPH assay, in long 
distance. All metabolites seem to promote a response on DPPH 
assay, but the most significant were those attributed to phenolic 
compounds. According to the literature, phenolic compounds are 
well known for their remarkable ability to acting as antioxidants, 
and in most cases, they play an important role against oxidative 
stress. Even further, flavonoids show, anti-inflammatory and 
immunomodulation activities [23; 24; 25]. 

The anthocyanins found only on RemF seem to play a roleinthe 
recovery of the content of methemoglobin by the reduction power, 
butthe concentration is low to produce a better response. This 
relation needs to be further evaluated.  
 

 

Fig. 2: It shows the Euclidian linkage distances amongthe 
chemical features and antioxidant properties of samples. The 

graphic was analyzed at 60 of linkage distance. The 
phytochemical features and the antioxidant properties were 

separatedinto 4 groups, according to the proximity of 
correlation 

 

The inhibition of lipid peroxidation is one of the major concerns on 
the matter of oxidative stress, andthe best results on this assay were 
HexF and ChlF, which are in concordance with literature, once 
phytosterols are much similar with lipids ofthe cell membrane, and 
chlorophylls act like electron transporters. It was observed a 
striking relationship between this class of metabolites and the 
processes of lipoperoxidation. Phytosterols chemically act as 
antioxidants, in solution and physically in the cell membranes by 
packing and stabilizing them [26]. 

The activity on recovering the content of methemoglobin was 
evaluated and only HexF exerted activity. The composition of this 
fraction seems to be responsible forthe activity that CruE showed 
once any other fraction presented a non-significant response.When 
analyzing figure 2, the methemoglobin assay exhibits a great 
dependence on the phosfomolibidenium and TBARS assays. 
Fractions with good reduction power and the ability of inhibiting 
lipoperoxidation have increased their activity on recovering 
methemoglobin content. The best correlation was among TPhyC, the 
methemoglobin and the TBARS assays, suggesting that this group of 
metabolites not only exert protective effects, but they also play a 
part in the activity, by the reduction power of these substances.  

CONCLUSION 

The present study aimed to provide information about the 
phytochemical features and the correlation betweenthese, and the 
antioxidant properties of the CruE and fractions ofB. glabra. The 
groups of metabolites found in the samples werechlorophylls, 
carotenoids, phytosterols, coumarins, and phenolics such as 
anthocyanins, flavonoids and tannins. The phytosterolsseem to be 
the major components responsible for the results on TBARS and 
Methemoglobin assays, as well as phenolic compounds produce a 
better response over the DPPH assay.The anthocyanins seem to be 

active in all the accomplished methods and this relationship should 
be further evaluated. Additionally, the mechanism of these activities 
seemsto be related to the reduction power of the samples. 

CONFLICT OF INTERESTS 

Declared None  

ACKNOWLEDGEMENTS 

We would like to thank to Gerdt Hatschbach, botanist of Curitiba 
Botanical Museum (in memorian), for identifying the species. We are 
also grateful to the financial support from REUNI Program, CNPQ 
and UFPR. 

REFERENCES 

1. Wunderlin RP. Revision of the arborescent Bauhinias 
(Fabaceae:Caesalpinioideae:Cercideae) Native to middle. J America 
Annals of the Missouri Botanical Garden 1983;70:95-127. 

2. Willain Filho A, Breviglieri E, Cechinel Filho V, Santos ARS. 
Antinociceptive effect of the hydroalcoholic extract of Bauhinia 
splendensstems in mice. J Pharm Pharmacol 1997;49:823-7. 

3. Silva KL, Cechinel Filho V. Plantas do gênero 
Bauhinia:Composição química e potencial farmacológico. J 
Química Nova 2002;25:449-54. 

4. Apisantiyakoma S, Kittakoop P, Manyuma T, Kirtikarab K, 
Bremnerc JB, The btaranonth Y..Novel biologically active 
bibenzyls from Bauhinia saccocalyxP. J Chemistry and 
Biodiversity 2004;1:1694-701. 

5. Maheswara M, Rao YK, Siddaiah V, Rao CV. Isolation of new 
chalcone from the leaves of Bauhinia variegate. Asian J of 
Chemistry 2006;18:419-22. 

6. Yadav S, Bhadoria BK.Two dimeric flavonoids from Bauhinia 
purpurea. Indian J of Chemistry 2005;44b:2604-07. 

7. Zhao YY, Cui CB, Cai B, Han B, Sun QS. A new 
phenanthraquinone from the stems of Bauhinia variegateL. J of 
Asian Natural Products Res 2005;7:835-8. 

8. Batista JS, Arruda FAV, Azevedo AR, Alves AA. Composição 
químico-bromatológica do feno de Cipó-de-Escada (Bauhinia 
glabra Jacq.) em cinco estádios de corte. J Revista Brasileira de 
Zootecnia 1999;28:914-8. 

9. Archile-Contreras AC, Purslow PP. Oxidative stress may affect 
meat quality by interfering with collagen turnover by muscle 
fibroblasts. J Food Res Int 2011;44:582-8. 

10. Gladine C, Morand C, Rock E, Gruffat D, Bauchart D, Durand D. 
The antioxidative effect of plant extracts rich in polyphenols 
differs between liver and muscle tissues in rats fed n-3 PUFA 
rich diets. J Animal Feed Science and Technology 
2007;139:257-72. 

11. Morán L, Andrés S, Bodas R, Benavides J, Prieto N, Pérez V, et al. 
Antioxidants included in the diet of fattening lambs:Effects on 
immune response, stress, welfare and distal gut microbiota. J 
Animal Feed Science and Technology 2012;173:177-85. 

12. Harborne JB.Phytochemical Methods:A guide to modern 
technique of plant analysis. 3rd ed. London (UK):Champman 
and Hall;1998. 

13. Sazada S, Verma A, Rather AA, Jabeen F, Meghvansi MK. 
Preliminary phytochemical analysis of some important 
medicinal and aromatic plants. J Advances in Biological Res 
2009;3:188-95. 

14. Dere S, Gunes T, Sivaci R. Spectrophotometric determination of 
chlorophyll-A, B and total carotenoid contents of some Algae 
Species using different solvents. Turkish J of Botany 
1998;22:13-7. 

15. Daksha A, Jaywant P, Bhagyashree C, Subodh P. Estimation of 
sterols content in edible oil and ghee samples. Electronic J of 
Environmental Agricultural and Food Chemistry 2010;9:1593-97. 

16. Folin O, Denis W. A colorimetric method for the determination 
of phenols (and phenol derivatives) in urine. J Biol Chem 
1915;22:305-08. 

17. Ribéreau-Gayon P, Glories Y, Maujean A, Dubordieu D. 
Handbook of Enology. 2nd ed. Chichester (UK):John Wiley & 
Sons Ltda;2006. 

18. Hossain MA, AL-Raqmi KAS, AL-Mijizy ZH, Weli AM, Al-Riyami 
Q. Study of total phenol, flavonoids contents and phytochemical 



Campos et al. 
Int J Pharm Pharm Sci, Vol 6, Issue 8, 151-155 

155 

screening of various leaves crude extracts of locally grown 
Thymus vulgaris. Asian Pacific J of Tropical Biomedicine 
2013;3:705-10. 

19. MensorLL, MenezerFS, Leitão GG, Reis AS, Santos TC, Coube CS, 
et al.Screening of brazilian plant extracts for antioxidant 
activity by the use of DPPH free radical method. J Phytotherapy 
Res 2001;15:127-30.  

20. 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. J Analytical Biochemistry 
1999;269:337-41. 

21. Morais SM, Catunda Junior EA, Silva ARA, Martins Neto JS. 
Antioxidant activity of essential oils from Northeastern 
Brazilian Croton species. J Química Nova 2006;29:907-10. 

22. Naoum, PC, Radispiel, J., Moraes, MS, Dosagem espectrométrica de 
metaemoglobina sem interferentes químicos ou enzimáticos. J 
Revista Brasileira de Hematologia e Hemoterapia 2004;26:19-22. 

23. Fejes S, Blzovics A, Lugasi A, Lemberkovics E, Petri G, Kry A. In 
vitro antioxidant activity of Anthriscus cerefolium L.(Hoffm.) 
extracts. J Ethnopharmacol 2000;69:259-65.  

24. Yokozawa T, Chen CP, Dong E, Tanaka T, Nonaka GI, Nishioka I. 
Study on the inhibitory effect of tannins and flavonoids against 
the 1, 1-diphenyl-2-picrylhydrazyl radicals. J Biochemical 
Pharmacology 1998;56:213-22.  

25. Bhardwaj R, Yadav A, Sharma R. Phytochemicals and 
antioxidant activity in Boerhavia diffusa. Int J Pharm Pharm Sci 
2014;6:344-8. 

26. Yoshida Y, Nikki E. Antioxidant effects of phytosterol and its 
components. J Nutr Sci Vitaminol 2003;49:277-80. 

 




