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ABSTRACT 
All living things are affected directly or indirectly by Acid Rain (AR). Biological effects of acid 
deposition due to AR on plants are numerous and complex. Usually, AR induced acidity is 
observed in plants and aquatic environment. It is a serious environmental problem. The original 
quality of the medium can be restoring by the introduction of alkaline substances or acid 
(H2SO4) neutralizing chemicals such as limestone and CaCO3 or other salts of calcium and 
phosphorous. In our earlier report it is observed that, instead of increasing acidity Bacopa 
monnieri herb shows a decrease in acidity due to sulfuric-simulated acid rain (S-SiAR) 
induction. Energy Dispersive Spectrometry (EDS) and X-Ray Diffraction (XRD) results confirm 
the presence of material phases and elements present in the plant materials. Analysis by both the 
X-ray techniques confirmed the presence of Ca and P elements and their phases such as 
(K2Ca(SO4)2:H2O)  and (FeAl2(PO4)2(OH)2:8H2O) in the B. monnieri herb. So, it is expected that 
the chemical reactions of AR with the above material phases caused neutralization of H2SO4.  
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INTRODUCTION  
The pH of normal rainwater is around 6.0, 
which is acidic in nature, the reason is that 
water reacts to a slight extent with atmospheric 
carbon dioxide (CO2) to produce carbonic acid 
(H2CO3).  Also, Small amount of nitric acid is 
responsible for the acidity of normal rainwater, 
which is produced by the oxidation of nitrogen 
in presence of water during lightening storms. 
However, Acid Rain (AR) is caused by 
emissions of sulfur dioxide (SO2) and nitrogen 
oxide (NO2), which react with the water 
molecules in the atmosphere to produce strong 
acids. The various sources viz volcanoes, sea-
water, aerosols, burning of coal (2-3% sulphur) 
for the production of electricity, base-metal 
melting and fuel combustion in vehicles 
largely produce SO2. However, the major 
source of emission of NOx into the air is from 
exhaust fumes of vehicles and other places 
where fossil fuels are burned (power station). 
Forest    fires,    often    caused   by man, either  

deliberately or accidentally are another source 
of pollution. These pollutants (SO2, NOx), once 
released into the atmosphere can be converted 
chemically (under the influence of sunlight and 
moisture) into secondary pollutants such as 
sulfuric acid (H2SO4) and nitric acid (HNO3). 
Both H2SO4 and HNO3 can dissolve easily in 
clouds and water. Clouds convert between 50-
80% of SO2 to H2SO4. About 70% of acid in 
rain is H2SO4, with HNO3 contribution about 
30%.1 Deposition of above acids can have 
harmful effects on plants, aquatic animals, 
humans and infrastructure.2-7 Ambient 
concentrations of the primary pollutants, sulfur 
dioxide (SO2) and nitrogen oxides (NOx) and 
the secondary pollutants, ozone (O3) and acidic 
wet deposition are reported. The effects of the 
above gaseous pollutants (O3, SO2, NO2) and 
acid rain were assessed and compared for a 
wide variety of crop cultivars and plant 
species. Such a comparison is useful for 
evaluating the need and the strategy for 
controlling effects due to AR.8-10  *Author for correspondence 
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Soil is one of the most important ecological 
factors. Every plant depends on it for their 
nutrient and water supply. Soil system is very 
complex and dynamic. Acid rain results into 
acidification of soil, which increases the 
exchange between hydrogen ion H+ and 
nutrient cations like potassium (K), 
magnesium (Mg) and calcium (Ca) in the soil. 
These cations are liberated into soil and can be 
rapidly leached out in soil solution along with 
sulphate from acid input. Now, the soil cannot 
fully neutralise the acidity of the rain water, 
which varies from place to place. Acid induced 
leaching leads to nutrient deficiency in the 
affected soils and this loss of soil fertility 
results into decrease in the growth of plants 
including trees on acidified soil. Nutrient 
cycling and decomposition rate is also 
negatively affected by acidification of soil.  
The H+ originally supplied by dissociation of 
HNO3 and H2SO4. These hydrogen ions can be 
neutralizing by the application of alkaline 
solids (CaCO3, Na2CO3). The principal cations 
viz Ca2+, Na+ of the alkaline solids play a vital 
role in neutralizing above acids. The original 
quality of the medium can be restoring by the 
introduction of alkaline substances or acid 
neutralizing chemicals such as limestone and 
CaCO3 or other salts of calcium and 
phosphorous. 
H2CO3 + CaCO3 → 2HCO3 - + Ca2+ 
H2SO4 + CaCO3 → CaSO4 + H2O + CO2 
When Na2CO3 reacts with HNO3, the products 
at first are sodium hydrogen carbonate and 
sodium nitrate.  
HNO3 + Na2CO3 → NaNO3 + NaHCO3  
HNO3 + NaHCO3 → NaNO3 + H2O + CO2 
Since all living things whether living on land 
or in the water (aquatic) or trees, whether 
plants or herbs, whether animals or birds are 
affected directly or indirectly by acid rain. 
Also, AR has an adverse impact on Brahmi 
herb like other plants. It is because AR induces 
changes in the cellular biochemistry and 
physiology of the whole plant. The medicinal 
herb Brahmi, botanical name Bacopa monnieri 
(Family : Scrophulariaceae, Genus : Bacopa, 
Species : B. monnieri) is used in traditional 
Indian system of medicine the Ayurveda,       
for the treatment of  anxiety and in improving  

intellect and memory for several centuries.11, 12 

In addition to memory boosting activity, 
Bacopa monnieri is used in the indigenous 
system of medicine for the treatment of 
cardiac, nervous, respiratory and neuro-
pharmacological disorders like insomnia, 
insanity, depression, psychosis, epilepsy and 
stress. It was reported to possess anti-
inflammatory, analgesic, antipyretic, sedative, 
free radical scavenging and anti-lipid per-
oxidative activities. It exhibits potent 
antioxidant and free radical scavenging 
properties. Besides, it also possesses anti-
cancer, hepatoprotective, antiulcer, calcium 
antagonistic, bronchovasodilatory, smooth 
muscle relaxant and mast cell stabilizing 
properties. Biological effects of acid de-
position on plants  are numerous and complex 
and include visible symptoms of injury 
(chlorosis and / or necrosis), invisible effects 
such as reduced photosynthesis, nutrient loss 
from leaves, altered water balance and 
variation of several enzyme activities.  

AIMS AND OBJECTIVES 
The objective of this study was to analyze the 
effect of Sulphuric-Simulated Acid Rain (S-
SiAR) on heavy metals presented in B. 
monnieri herb and their concentration. The 
Energy Dispersive Spectrometry (EDS) 
technique is used for the quantative estimation 
of the elements like Na, Mg, Al, P, S, Cl, K, 
Ca and Fe present in the samples. The 
crystallographic phase forms of above 
elements are also identified using X-Ray 
Diffraction (XRD) technique. 

MATERIAL AND METHODS 
Field design  
A study was conducted to assess the effects of 
Simulated Acid Rain (SiAR) on a medicinal 
herb Bacopa monnieri. The B. monnieri herb 
was used as test species for the above 
experimental studies. In the field design as 
shown in Fig. 1, the B. monnieri herbs were 
planted separately for both normal water (pH = 
6.29-6.85, at 27 ºC) treatment and Sulfuric-
Simulated Acid Rain (S-SiAR) treatment. The 
herbs were watered regularly using normal 
water for 2 weeks. After that, only the young 
B. monnieri  herbs of  first kind were  regularly  
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treated with 400 ml of normal water. However, 
young plants of second kind were treated with 
S-SiAR, after calculating the amount of acid to 
be added to the normal water to obtain the 
desired pH. Acidic solutions of pH 5.10 ± 0.01 
was prepared from the dil. H2SO4 (10%) for 
the above purpose. Samples (fresh stem with 
leaf) were collected after a gap of 22 weeks for 
the characterization.  
Instrumentation 
Because of the medicinal-importance of the 
plant materials as such, no chemical path or 
physical process was followed for the 
processing of plant materials. So, the herb 
materials were sun dried and crushed into 
powder. Then, they were thoroughly grinded by 
using agate mortar and pressed into pellets of 10 
mm diameter in a KBr press for X-ray studies. 
Then two sets of pallets were put inside furnace 
set at 60 ºC for 2hrs. After that one set of the 
well dried pallets are put inside a vacuum 
coating unit for platinum coating (about 50Å). 
The platinum coated samples are ready for the 
SEM-EDS (JEOL-JSM-6480LV) investigation. 
Moreover, EDS instrument (OXFORD, DCL  
7674)  having  a detector of active area 10 mm2  

and ATW2 window with a resolution of 133 eV 
(Full Width at Half Maximum) at 5.9 keV,  was 
used for the multi-elemental analysis. The 
accelerating voltage applied for the generation 
of electron beam is about 20kV. The elevation 
of the electron beam with respect to the sample 
surface is about 35 with a magnification of 
500X was applied.  X-ray diffraction patterns 
were recorded from other set of pallets using a 
high-resolution X-ray powder diffractometer 
(Bra-gg-Brentano geometry, X’Pert-MPD, PAN 
alytical) with a step size of 0.01 on a 5-90 
range with a scanning rate of 2/min. A line 
focus and collimated CuK-radiation from an 
X-ray tube operated at 40 kV and 30 mA was 
passed through a fixed divergence slit of 1 and 
a mask (10 mm) before getting it diffracted 
from the plant sample. Then, the diffracted 
beam from the sample was well collimated by 
passing it through a programmable anti-
scattering slit of 1, receiving slit of 2 mm and 
Soller slit before getting it reflected by the 
graphite monochromator. Experimental data 
such as different crystallographic phases, d 
spacing and intensity were calculated using 
X’Pert Graphics and Identify software. 

     

Fig. 1 :  Bacopa monnieri herb in the designed botanical garden 
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X-ray analysis 
The sample was then characterized by XRD 
for phase analysis and SEM-EDS for multi-
elemental analysis. The EDS based quantative 
analysis of elements were carried out using 
INCA energy software developed by Oxford 
Instruments Analytical, UK. The method used 
in the INCA energy software suppresses the 
background, using a filtering method which 
avoids any specific shape calculation. A profile 
can be considered as a fingerprint for an 
element. It can be either for K, L or M series 
lines and is calibrated both in energy and 
resolution. Profiles are filtered in the same way 
as the unknown spectrum and are subsequently 
fitted to the filtered spectrum using a least 
squares routine. The filtering and fitting 
technique is collectively known as Filtered 
Least Squares or FLS. Matrix corrections are 
employed to convert the measured intensity 
from the sample relative to that from a 
standard to the actual concentration. A number 
of different approaches to matrix correction 
procedures are present in the literature with 
ZAF and Phi-Rho-Z being the two most 
widespread. The Phi-Rho-Z curve is actually 
an ionization distribution in which ionization 

)( Zf   INCA energy uses the XPP 
matrix correction scheme developed by 
Pouchou and Pichoir.6 This is a Phi-Rho-Z 
approach which uses exponentials to describe 
the shape of the )( Z  curve. The atomic 
number and absorption effects are included by 
integrating a model for )( Z . XPP has been 
chosen as the correction scheme because of its 
favorable performance in particular for 
situations of severe absorption such as the 
analysis of light elements in a heavy matrix. In 
addition, XPP enables the calculation of the 
matrix correction terms and therefore 
quantitative analysis for samples that are tilted 
with respect to the incident electron beam. 
Since the correction factors are dependent on 
the composition of the sample (which is what 
we are trying to determine), the true 
concentrations have to be derived using an 
iterative procedure. The apparent concentra- 
tions are used to calculate correction factors 

which are then used to derive more precise 
‘estimates’ for the concentrations and so on 
until after successive iterations, a self-
consistent set of concentrations and correction 
factors are obtained. 
In order to make a direct comparison between 
x-ray intensity ( xxx FCkI  ) and concentra- 
tion, a standard sample (say element x) is 
referred to in which the relationship between 

std
xI and std

xC is accurately known where std
xI is 

the intensity from the standard and std
xC is the 

concentration of the standard. Once this is 
known, this ratio can be used to determine the 
concentration of that element in an unknown 
sample sam

xC  since the intensity of the element 

in the sample sam
xI  can be measured. Let sam

xC  
be the concentration of element x in the 
unknown sample and sam

xI be the intensity of 
the relevant peak from element x in the 
unknown sample. All intensities are assumed 
to have been corrected for background. The 
concentration of element x in the unknown 
sample can be approximated as : 









 std

x

sam
xstd

x
sam
x I

ICC  

And is often referred to as the 'apparent 
concentration' or the 'uncorrected concentra-
tion'. Once these apparent concentrations have 
been determined, the element weight percents 
are then calculated by applying a matrix 
correction xF  to the measured intensity ratios. 
Hence, the expression for the concentration of 
the sample can be extracted : 
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These corrections attempt to account and 
correct for the side effects of X-rays traversing 
the sample matrix such as absorption of X-rays 
in the material. In the present analysis a 
standard sample supplied by JEOL was used 
for the matrix correction. 

RESULTS AND DISCUSSION  
The in-vivo grown and S-SiAR induced B. 
monnieri herb materials are characterized 
using EDS and XRD techniques. The elements 
and the material phases present in the plant 
materials are analyzed. The results analyzed 
separately are as follows : 
EDS analysis 
Elemental concentrations of   9 minor elements 
viz. Na, Mg, Al, P, S, Cl, K, Ca and Fe in B. 
monnieri herb were determined by EDS 
technique. Since, various active elemental 
constituents of the medicinal plants are the 
metabolic products of the plant cells. A 
number of minor and trace elements play an 
important role in the metabolism. These 
important elemental constituents of the 
medicinal plant possess different curative 
capability of human disease. The in-vivo 
grown B. monnieri herb and the herb grown in 
S-SiAR environment are shown in Fig. 2(a) 
and Fig. 2(b) respectively. The weight 
percentages (W%) of these elements calculated 
by the comparator method of analysis are 
recorded in Table 1. The JEOL-standards 
(element) used for the above comparison 
purpose are : Albite 1(Na), MgO 1(Mg), Al2O3 
1(Al), GaP 1(P), FeS2 1(S), KCl 1(Cl), MAD-
10 Feldspar 1(K), Wollastonite 1(Ca) and Fe 
1(Fe). The more precise estimation of the 
concentrations of elements are found out after 
2-successive iterations, a self-consistent set of 
concentrations and correction factors are 
obtained. The W% values listed in this table 
show a precision of ±1.63 - ±2.50 for in-vivo 
grown and ±1.22 - ±1.86 for S-SiAR treated B. 
monnieri respectively. The sensitivity of the 
EDS technique as estimated from the present 
work was found to be at a level of 10-3 g. 
Uncorrected or apparent concentrations Capp, 
corrected intensity of individual elements Icorr, 
and atomic percentages a% of each element 
are also listed in the above table.  The orders of  

concentration of various elements analysed are 
as Ca > P > Cl > Mg > S > K > Na > Al > Fe 
and Ca > Cl > P > K > Na > Mg > S > Al > Fe 
for in-vivo-grown and S-SiAR treated herb 
respectively. The concentration of elements viz 
Mg, P, Fe, and Ca decreases due to interaction 
of H2SO4 contents in AR. This is because of 
the exchange between hydrogen ion H+ and 
nutrient cations like Mg, Ca etc. However, 
elemental concentration of Na, Al, Cl, K etc 
decreases after exposed to the S-SiAR         
(pH = 5.10 ± 0.01). In our earlier report it is 
observed that, instead of increasing acidity B. 
monnieri herb shows a decrease in acidity due 
to Sulfuric-Simulated Acid Rain (S-SiAR) 
induction.13 The raw B. monnieri extract (stem 
and leaf juice, 7ml) was found to be acidic 
with pH value 5.27 ± 0.02, at 27 ºC. The pH of 
the AR treated species (B. monnieri extract) 
was found out to be 5.57± 0.03.  Analysis by 
both the X-ray techniques viz EDS and XRD 
confirmed the presence of Ca and P elements 
and their phases such as (K2Ca(SO4)2:H2O) 
and (FeAl2(PO4)2(OH)2:8H2O) in the B. 
monnieri herb. The presence of Ca (25.45-
±2.27 %) and P (23.66±2.50 %) in B. monnieri 
(in-vivo grown) is of special interest because of 
the acid neutralization mechanism. The 
concentration of both the above elements viz 
Ca (20.44±1.67 %) and P (14.81±1.86 %) 
starts decreasing due to acid interaction. 
However, the total constituents of minor 
elements increase from 162.6 mg/g to 217.5 
mg/g after AR treatment. The order of 
concentration level of these elements in B. 
monnieri viz. Ca and P are in agreement with 
the result reported by others.  However, the 
variation of the exact concentration value of 
the herb mainly attributed due to the elemental 
contents in the regional water and mineral 
composition of soil in which the herbs are 
grown. So, it is expected that the chemical 
reactions of AR with the above material 
phases caused neutralization of H2SO4 and 
are given as : 
3[K2Ca(SO4)2:H2O] + H2SO4 = 3 CaSO4+ H2O 
+ 6 KOH + 4SO2 ↑+ O2↑ 
[FeAl2(PO4)2(OH)2:8H2O] + H2SO4 = 2 H3PO4 
+ FeSO4+ 7H2O+ Al2O3 
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Fig. 2 (a) : EDS analysis of Bacopa monnieri herb : In-vivo grown with normal tap water  
(pH= 6.29-6.85) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 (b) : EDS analysis of Bacopa monnieri herb : Herb treated with sulphuric-simulated 
acid rain (pH= 5.10) 

Table 1 : EDS data of various elements obtained from Bacopa monnieri 

Element 
In-vivo-grown herb using normal tap 

water (pH= 6.29-6.85) 
Herb treated with sulphuric-

simulated acid rain (pH= 5.10) 
Capp Icorr a% W%* Capp Icorr a% W% 

Na 0.90 1.0005 7.67 5.36±2.10 2.98 1.0572 17.05 12.20±1.64 
Mg 1.29 0.8288 12.67 9.36±1.84 1.53 0.7667 11.43 8.65±1.51 
Al 0.36 0.8186 3.19 2.62±1.63 0.63 0.7787 4.16 3.50±1.25 
P 5.34 1.3527 25.14 23.66±2.50 4.47 1.3063 15.35 14.81±1.86 
S 1.07 0.8245 8.00 7.80±1.79 1.06 0.8709 5.27 5.26±1.22 
Cl 1.87 0.7197 14.45 15.57±2.04 3.58 0.7640 18.36 20.26±1.59 
K 1.25 0.9670 6.55 7.78±1.68 3.14 0.9724 11.50 14.00±1.40 
Ca 3.84 0.9067 20.90 25.45±2.27 4.19 0.8871 16.38 20.44±1.67 
Fe 0.34 0.8439 1.42 2.40±2.20 0.17 0.8447 0.51 0.89±1.67 
Total 16.26   100.00 21.75   100.00 

 *1% = 10,000ppm = 10 mg/g 



J. Environ. Res. Develop. 
Journal of Environmental Research And Development                    Vol. 8 No. 04, April-June 2014 

873 
 

XRD analysis 
X-ray diffraction study of the B. monnieri 
plant materials shows various crystallographic 
phases, which are formed due to the presence 
of multiple-elements in the above herb. The 
smoothening diffraction profile of the in in-
vivo-grown B. monnieri (outdoor plant of same 
species) is shown in Fig. 3(a). The phase 
identification was carried out with PCP-
DFWIN, V 1.3 package, using PDF2 refe-
rence patterns database. Cellulose (C6H10O5)n 
is the major compositional phases of the B. 
monnieri herb Fig. 3(b). The other 
crystallographic phases observed from the B. 
monnieri herb grown in normal habitat are 
FeAl2(PO4)2(OH)2:8H2O (JCPDS-ICDD, 14-
0247), K2Ca(SO4)2:H2O (JCPDS-ICDD, 28-
0739), Al2O3:H2O (JCPDS-ICDD, 01-1283), 
MgO (JCPDS-ICDD, 43-1022), etc. The 
various peak parameters like diffraction angle 
2 (deg.), interplaner spacing d (Å), relative 

intensity Ir (%) and peak intensity Ip (cps), of 
the smoothen profile for both the in-vivo-
grown and acid treated B. monnieri are 
tabulated in  Table 2.  The shifting of cellulose  

peaks (peak no. 1 and 2) towards lower angle 
were observed in case of AR-induced sample.  
This may be due to the AR induced strain 
developed in the above herb material because 
of the salt stress. Similarly, shifting of peaks 
(13 and 15) of K2Ca(SO4)2:H2O towards higher 
angle are also observed. The herbs grown in S-
SiAR environment possess few new phases 
along with the above phases and are shown in 
Fig. 2(b). The herbs grown in the acidic 
environment (pH = 5.10) shows more distinct 
new phase viz aluminum sulphide (Al2S3) 
(JCPDS-ICDD, 37-0697) as shown in         
Fig. 2(b). A more prominent Al2O3:H2O phase 
observed, which indicates that more crys-
tallization takes place in the acidic medium. 
The corrected peak (background correction) 
intensity Ip, slightly increases in the herb 
grown in AR of lower pH (more acidic) value. 
Hence, it is confirmed that the presence of 
above Ca and P based material phases are 
responsible for the self-neutralization 
mechanism of B. monnieri herb. In the present 
report, detailed analysis of the said 
phenomenon has been reported.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 

 Fig.  3 (a) : XRD spectrum of Bacopa monnieri : The plant materials (stem and leaves) of in- 
vivo-grown B. monnieri 
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Fig.  3 (b) : XRD spectrum of Bacopa monnieri : Sulphuric-simulated acid rain of pH 5.10 
affected herb 

Table 2 : X-ray diffraction data of B. monnieri 

S/N 

In-vivo-grown herb using normal tap 
water (pH= 6.29-6.85) 

Herb treated with sulphuric-simulated acid 
rain (pH= 5.10) 

2       
(deg.) 

Ir 
(%) 

d-value 
(Å) 

Ip 
(cps) Phase* 2   

(deg.) 
Ir 

(%) 
d-value 

(Å) 
Ip 

(cps) 
Phas

e 
1 5.97 100 14.7815 57 P1 5.29 100 16.6976 52 P1 
2 6.79 69.69 13.0161 40 P1 6.00 81.20 14.7075 42 P1 
3 9.52 43.27 9.2839 25 P2 9.39 29.66 9.4152 15 P2 
4 12.07 11.25 7.3239 6 P3 11.12 6.63 7.9531 3 P3 
5 14.77 18.00 5.9922 10 P1 18.02 9.58 4.9185 5 P2 
6 17.60 16.15 5.0356 9 P2 22.75 26.68 3.9061 14 P2 
7 21.20 44.65 4.1871 26 P2 31.22 20.05 2.8625 10 Pa 
8 23.22 43.73 3.8267 25 P1 35.62 15.38 2.5181 8 P2 
9 24.44 33.52 3.6382 19 P4 37.75 18.66 2.3808 10 P3 
10 32.06 23.16 2.7892 13 P2 39.31 29.22 2.2901 15 P2 
11 40.17 27.39 2.2433 16 P2 40.15 16.85 2.2442 9 P2 
12 42.57 18.48 2.1219 8 P5 42.46 19.71 2.1271 10 P5 
13 47.65 22.79 1.9071 13 P4 47.81 14.86 1.9010 8 P4 
14 58.88 11.65 1.5673 7 P2 54.28 12.72 1.6884 7 Pa 
15 67.91 7.54 1.3791 4 P4 68.19 85.28 1.3741 44 P4 
16 72.73 6.59 1.2991 4 P2 73.22 8.13 1.2916 4 P2 

*P1= (C6H10O5)n, P2= K2Ca(SO4)2:H2O, P3 = FeAl2(PO4)2(OH)2:8H2O, P4 = Al2O3:H2O, P5 = MgO, Pa = Al2S3 
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CONCLUSION 
Present investigation was carried out to assess 
the effect of S-SiAR on heavy metals 
presented in B. monnieri herb. The X-ray 
multi-elemental analysis technique like EDS 
was used for the quantative estimation of the 
minor elements like Na, Mg, Al, P, S, Cl, K, 
Ca and Fe present in the samples. Again, the 
crystallographic phases formed are also 
identified using XRD technique. The EDS and 
XRD results confirm the presence of chemical 
phases and elements present in the herb 
materials. After AR treatment, the pH of in-
vivo grown B. monnieri extract (raw) changes 
from 5.27 ± 0.02 to 5.57± 0.03. at 27 ºC.  
Analysis by both the above X-ray techniques 
confirmed the presence of Ca and P elements 
and their phases such as (K2Ca(SO4)2:H2O)  
and (FeAl2(PO4)2(OH)2:8H2O) in the B. 
monnieri. The presences of above material 
phases in B. monnieri are mainly responsible 
for its self-neutralizing behaviour. 
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