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ABSTRACT  
The present study is intended to characterize Ayakantha chenduram, an important Siddha
tion. Various characterization techniques like Fourier transform infrared spectroscopy (FTIR), Raman Spectro
copy, X – ray diffraction (XRD) and Scanning Electron Microscope (SEM) with 
X-ray (EDAX) were carried out. Evidences were established to ensure the identity of Ayakantha chenduram. The 
FT-IR spectroscopy showed that the major stretching vibrations of different functional groups in organic co
pounds in the spectra have very low intensity. The X
materials present in the formulation are α
supported the presence of iron oxide in the chenduram.  The SEM
the morphology and inorganic composition of the sample. 
results obtained from the SEM analysis show that most of the particles present in Ayakantha chenduram are in 
nano and near nano size. The data retrieved from the current characterization study reveals the size, shape and 
nature of the components present in Ayakantha chenduram. 
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INTRODUCTION  
Indigenous systems of medicine are believed to be 
one of the most ancient and well organized trad
tional health-care for rural as well as urban popul
tions in India. But one of the major bottlenecks in 
the wider acceptance of herbal drugs from develo
ing countries is the inadequacy or lack of standard
zation which embodies total information and co
trols that are necessary to guarantee the consistency 
of composition of the product ensuring its quality. In 
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The present study is intended to characterize Ayakantha chenduram, an important Siddha herbo
tion. Various characterization techniques like Fourier transform infrared spectroscopy (FTIR), Raman Spectro

ray diffraction (XRD) and Scanning Electron Microscope (SEM) with Energy Dispersive Analysis of 
arried out. Evidences were established to ensure the identity of Ayakantha chenduram. The 

IR spectroscopy showed that the major stretching vibrations of different functional groups in organic co
pounds in the spectra have very low intensity. The X-ray diffraction studies identified that the major crystalline 
materials present in the formulation are α-iron oxide and γ-iron oxide. FT-IR and Raman spectral data are also 
supported the presence of iron oxide in the chenduram.  The SEM-EDAX study gave importan
the morphology and inorganic composition of the sample. Particles in nano range were identified. 
results obtained from the SEM analysis show that most of the particles present in Ayakantha chenduram are in 

size. The data retrieved from the current characterization study reveals the size, shape and 
nature of the components present in Ayakantha chenduram.  
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Indigenous systems of medicine are believed to be 
one of the most ancient and well organized tradi-

care for rural as well as urban popula-
tions in India. But one of the major bottlenecks in 

wider acceptance of herbal drugs from develop-
ing countries is the inadequacy or lack of standardi-
zation which embodies total information and con-
trols that are necessary to guarantee the consistency 
of composition of the product ensuring its quality. In 

Siddha system, minerals and metals are used in add
tion to plant and animal constituents. Apart from 
gold and silver, mercury, sulphur, mica, arsenic, zinc 
etc. are treated with other single drugs and are given 
as bhasmas and chendurams. The Siddha practiti
ners assert that even though the metal in elemental 
form is toxic, in compound form they are human
safe. But the need of the hour is to bring out the i
portance of Siddha system worldwide by ensuring its 
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arried out. Evidences were established to ensure the identity of Ayakantha chenduram. The 

IR spectroscopy showed that the major stretching vibrations of different functional groups in organic com-
iffraction studies identified that the major crystalline 

IR and Raman spectral data are also 
EDAX study gave important clues regarding 

Particles in nano range were identified. Further, the 
results obtained from the SEM analysis show that most of the particles present in Ayakantha chenduram are in 

size. The data retrieved from the current characterization study reveals the size, shape and 

ddha system, minerals and metals are used in addi-
tion to plant and animal constituents. Apart from 
gold and silver, mercury, sulphur, mica, arsenic, zinc 
etc. are treated with other single drugs and are given 
as bhasmas and chendurams. The Siddha practitio-
ners assert that even though the metal in elemental 
form is toxic, in compound form they are human-
safe. But the need of the hour is to bring out the im-
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quality, efficacy and safety. Due to the advancement 
of scientific technologies, standardization techniques 
for checking the quality of these medicines to meet 
the criteria to support it worldwide become feasible. 
Hence the importance of some of the modern state-
of-the-art techniques such as FT-IR, Raman Spec-
troscopy, XRD and SEM with EDAX are discussed 
in this paper.  
According to Siddha system of medicine, Chen-
duram is a red coloured powder generally made of 
metallic compounds as major ingredients. This paper 
deals with the standardization of Ayakantha chen-
duram, a herbo-mineral Siddha medicine prepared as 
per the Siddha classical text by the process of calci-
nation. Ayakantha chenduram is used in the treat-
ment of various disorders especially Anaemia and 
Edema. Anaemia is a very common health problem 
found today, usually in females and children. As per 
modern science, Anaemia is not classified as a dis-
ease. But Siddha science has placed Anaemia not as 
a state or condition but a disease. Signs and symp-
toms of anaemia are tiredness on mild exertion, Nau-
sea, Loss of appetite, Giddiness, Palpitation, Loss of 
general health and stamina, Loss of weight, Pallor of 
conjunctiva, Pallor and thickening of nail bed. Par-
pams and Chenduram like Aya chenduram, Kantha 
chenduram, Velli chenduram, Armugha chenduram, 
Ayakantha chenduram are good haematincs. Aya-
kantha chenduram is also used for the treatment of 
liver problems. 
In this study an attempt is made to characterize Aya-
kantha chenduram in terms of its physico-chemical 
properties using modern techniques such as XRD, 
SEM with EDAX, FTIR and Raman spectral studies. 
The present study shows that the metals in this 
preparation are in sulphide form which en-
hances/confers the therapeutic efficacy of the drug. 
Particles in nano range were also identified. 
MATERIALS AND METHODS 
Ayakanthachenduram 
The Siddha classical medicine Ayakantha chen-
duram was procured from IMCOPS (The Indian 
Medical Practitioner’s Co-operative Pharmacy & 

Stores Ltd.). The drug was prepared by the methods 
of Agasthiyar chenduram – 300. Ayakantha chen-
duram is prepared using 12 ingredients which are (1) 
Ayappoti (Metallic iron powder), (2) Kanthakam 
(Sulphur), (3) Kantham (Lode stone), (4) Linkam 
(Cinnabar), (5) Venkaram (Borax), (6) Patikaram 
(Common alum), (7) Puniru (Alkaline earth salt), (8) 
Corruppu (Common salt), (9) Intuppu (Common 
salt), (10) Navaccaram (Sal ammoniac), (11) Karpu-
ram (Camphor) and (12) Elumiccam palaccaru 
(Lime juice). Grind items 1 to 11 with item 12 for 2 
days. Make cakes, dry and calcine using 100 cow 
dung cakes. Repeat the calcinations till it attains dark 
brown colour. 
Organoleptic and Physical properties 
The organoleptic characters such as colour, touch, 
taste and odour were noted.  
Physico-chemical parameters 
Ayakantha chenduram was subjected for the deter-
mination of physico-chemical parameters such as 
total ash, acid-insoluble ash and water soluble ash 
using standard methods. 
Inorganic qualitative analysis 
Inorganic qualitative analysis was carried out by 
standard laboratory methods. 
FT-IRspectral analysis 
FT-IR spectral analysis was carried out by KBr 
method using Bruker Optik Gmb HFT-IR spec-
trometer, Germany Model No.: TENSOR 27 with 
Middle-infrared light (MIR) source. The FTIR spec-
tra of the sample were recorded between 400cm-1and 
4000 cm-1. 
Raman spectral analysis 
The analysis was carried out using Renishew Invia 
Reflex Spectrometer, focal length 250mm and Ra-
man Spectrum at 50cm-1 to 4000cm-1. 
XRD analysis  
The XRD studies were carried out by Bruker D8- 
Advance X-ray diffractometer (Cu-Kα radiation; λ= 
1.5405 Å). 
SEM and EDAX analysis 
The elemental composition of the sample was de-
termined Carl Zeiss, Germany Model: SUPRA 
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55VP, Gemini Column SEM with air lock sy
tem with EDAX Oxford Instruments X
(20mm²). A representative portion of each sample 
was sprinkled onto a double side carbon tape, then 
mounted on Aluminium stubs and sputtered, in order 
to get a higher quality secondary electron image for 
SEM and EDAX examination. The SEM analysis 
gives the surface morphology, grain size, particle 
size, distributions, material homogeneity and inner 
metallic distributions.  

 
RESULTS AND DISCUSSION
The present study evaluated the physico
characterization of nanosized and herbo
Siddha formulation, Ayakantha chenduram. It is a 
fine dark brown powder. The chenduram was su
jected to other physical tests and found that it was 
able to float on water which ensured its lightness, 
able to be inserted in furrows of finger of human 
hand which ensured particle size and freeness of pa
ticles from adhesives to each other. 
The Loss on drying (LOD), total ash value, water 
soluble ash and acid insoluble ash were found to be 
0.618, 97.28, 95.67 and 1.80% respectively. The r
sults are consistent with those in Siddha Pharm
copeia standards. The LOD values were found to be 
low, as the moisture content and organic matter were 
removed during the process of calcinations
insoluble ash was found to be low, which may be 
due to the soluble nature of inorganic materials in 
acid medium3. 

 

 
Fig.1: 
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enduram was sub-

jected to other physical tests and found that it was 
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hand which ensured particle size and freeness of par-

ash value, water 
soluble ash and acid insoluble ash were found to be 
0.618, 97.28, 95.67 and 1.80% respectively. The re-
sults are consistent with those in Siddha Pharma-
copeia standards. The LOD values were found to be 

as the moisture content and organic matter were 
removed during the process of calcinations2. Acid 
insoluble ash was found to be low, which may be 
due to the soluble nature of inorganic materials in 

The qualitative analysis showed the presenc
dium, Aluminium, Silicon, Chloride, Sulphate, P
tassium and Iron. Surface-volume ratio is an impo
tant criterion for assessing the nanotechnology a
plication. Surface-volume ratio depends on the size 
and shape of the particles. It is therefore neces
characterize the synthesized nanoparticles according 
to their size and shape. The synthesized nanopart
cles were subjected to chemical characterization in 
order to validate the chemical property of nano iron 
and also to detect the involvement of mo
the synthesis 4. 
The FT-IR peaks indicated that 
bond formation exists in the compound and the 
peaks were well matched with reported FT
tral of Iron oxide. The FT-IR spectrum of the pro
uct shows the presence of well
ide nanoparticles. The IR bands show strong peak at 
555 cm-1.  This peak may correspond to Fe
stretching and bending vibration mode, of γ
This peak may correspond to a partial vacancy o
dering in the octahedral positions in the m
inverse spinel crystal structure
absorption band at 466 cm-1 may be assigned to Fe
O stretching and bending vibration mode of α
respectively 9.Typical peak at 1097 cm
formation of alpha phase of iron oxide
with siliceous-iron based compound. 
2900 cm-1 indicating the absence of C 
band which means all organic compounds are r
moved from the samples after calcinations at 700°C 
(Figure 1). 

Fig.1: FT-IR spectrum of Ayakanthachenduram 
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The qualitative analysis showed the presence of So-
dium, Aluminium, Silicon, Chloride, Sulphate, Po-
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and shape of the particles. It is therefore necessary to 
characterize the synthesized nanoparticles according 
to their size and shape. The synthesized nanoparti-
cles were subjected to chemical characterization in 
order to validate the chemical property of nano iron 
and also to detect the involvement of molecules in 

IR peaks indicated that Si-O bond and Fe-O 
bond formation exists in the compound and the 
peaks were well matched with reported FT-IR spec-

IR spectrum of the prod-
uct shows the presence of well-crystallized iron ox-

The IR bands show strong peak at 
.  This peak may correspond to Fe-O 

stretching and bending vibration mode, of γ-Fe2O3
5. 

This peak may correspond to a partial vacancy or-
ing in the octahedral positions in the maghemite 

inverse spinel crystal structure6-8. The characteristic 
may be assigned to Fe-

O stretching and bending vibration mode of α-Fe2O3 
Typical peak at 1097 cm-1 was due to 

formation of alpha phase of iron oxide compound 
iron based compound. No peak at 

indicating the absence of C – H stretching 
band which means all organic compounds are re-
moved from the samples after calcinations at 700°C 
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Raman spectroscopy is a spectroscopic technique 
used to observe vibrational, rotational, and other 
low-frequency modes in a system. Raman spectro
copy is commonly used in chemistry to provide a 
structural fingerprint by which molecules can be 
identified. The Raman spectrum of the Ayakantha
chenduram is presented in Fig. 2. In the range of 
200–1750 cm−1, many peaks could be observed, 
which were located at 218, 285, 404, 501, 617, 648, 
1266, 1275, 1287, 1300, 1311, 1323, 1335, 1357, 
 

Figure 2:
 
X-ray powder diffraction (XRD) is a rapid analytical 
technique primarily used for phase identification of a 
crystalline material and can provide information on 
unit cell dimensions. The X-ray diffraction pattern of 
the Siddha medicine Ayakantha chenduram (Figure 
3) existed with major Fe2O3 pattern and its major 
peaks exactly matched with the JCPDS (Joint Co
mittee on Powder Diffraction Standards) data card 
number (JCPDS-33-0664/-039-1346). It can be seen 
from Fig. 3 that eight characteristic peaks observed 
for Ayakantha chenduram (2θ= 24.14
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018) crystalline structures which corresponds to α 
Fe2O3. The peaks observed at
62.97 and 64.04 can be attributed to the (211, 220, 
400, 440 and 441), crystalline structures which co
responds to pure γ – Fe2O3. The peaks can be i
dexed to a cubic spinel phase of γ
JCPDS No. 89-5892 and pure rhombohedral phase 
of α-Fe2O3Hematite, JCPDS No. 33

Figure 3: XRD pattern of Ayakanthachenduram 
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The materials showed good crystalline in nature with 
particle size of below 500 nm, which was also pre-
dicted and confirmed by SEM analysis. Elemental 
composition of Ayakanthachenduram was deter-
mined by EDAX analysis.  
The Iron content was major component of the herbal 
formulation compared to all other minor elements 
such as carbon and siliceous materials, which existed 
in minor quantity and therefore, it, will not create 
any major change in overall activity. The relation 
between siddha medicine and nanotechnology is 
mostly related to the size. The size of some siddha 
powders like Ayakantha chenduram, ayabringa 
chendrum are observed nearly 25 nm in size as per 
the investigation using AFM analysis. And the some 
of the nature of pashubams such as Ag, Au is similar 
to that of functionalized gold and silver quantum 
dots. It seems to be siddha medicine uses nanoparti-
cles long years before.  
The SEM images clearly indicated the presence of 
aggregated particle formation with alpha-iron oxide 
as a major phase. Agglomerations of particles are 
may be due to the repeated cycles of calcination and 
grinding involved in preparation. SEM can achieve 
resolution better than 1 nanometer12. The size of the 
particles is also less due to the repeated calcination 

and grinding2,13. The SEM images clearly indicated 
the presence of aggregated particle formation with 
alpha-iron oxide as a major phase (Figure 4).  
The SEM images showed difference in size and 
grain of nanoparticles. Nanoparticles are particles 
between 1 and 100 nanometres (nm) in size. The 
results obtained from the SEM analysis shows that 
most of the particles present in Ayakantha chen-
duram are in nano and near nano size ranges from 79 
nm to 83 nm. The nanoparticles in the formulation 
may be due to the upgradation of crystalline phase in 
the powder during the calcination. The materials 
showed good crystalline in nature with particle size 
of below 100 nm, which was also predicted and con-
firmed by SEM analysis. SEM images showed the 
morphology of this formulation as nanorods. It is 
widely believed that formulation containing 
nanoparticles will effectively bind with the bacterial 
membrane and will aid in penetrating the cellular 
component of the organism thereby preventing its 
replication. It is also hypothesized that biomolecules 
and organic acids present in biological entities/ sub-
strates can control the structure, phase, orientation 
and nanostructural topography of inorganic crystals, 
resulting in nanosized particles10. 
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Figure 4: SEM pattern of Ayakanthachenduram 

EDAX is an analytical technique used for the ele-
mental analysis or chemical characterization of a 
sample. It relies on an interaction between some 
source of X-ray excitation and the sample. Its char-
acterization capabilities are due in large part to the 

fundamental principle that each element has a unique 
atomic structure allowing a unique set of peaks on 
its electromagnetic emission spectrum. EDAX data 
showed the exact amount of respective element pre-
sent in the sample in terms of wt % by wt%. 

 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 5a: Electron image of Ayakantha chenduram using SEM;  
Figure 5b: Elemental composition of Ayakantha chenduram using EDAX 

 
Table 1: Elemental composition of Ayakantha chenduram using EDAX 
Sl. No. Element Weight% Atomic% 

1.  C (Carbon) 30.16±0.15 43.86±0.12 

2.  O (Oxygen) 41.57±0.13 45.38±0.10 
3.  Na (Sodium) 3.27±0.26 2.48±0.14 
4.  Al (Aluminium) 0.29±0.02 0.19±0.003 

5.  Si (Silicon) 0.14±0.01 0.09±0.47 
6.  S (Sulphur) 1.02±0.05 0.56±0.02 

7.  Cl (Chloride) 0.33±0.02 0.16±0.004 
8.  K (Potassium) 0.11±0.05 0.05±0.27 
9.  Fe (Iron) 23.10±0.16 7.22±0.11 
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The results of EDAX analysis are given in Table 1, 
provides a good estimate of the concentration of the 
main elements in the sample. EDAX data shows the 
exact amount of respective element present in the 
sample in terms of w/w % (Figure 4). Iron is major 
element observed in the spectrum as a sharp signal. 
Along with that, some weak background signals of 
Si, Cl, K, etc., were observed which might have 
come from the debris on the EDAX chamber8. Iron 
is the major component of the herbal formulation 
compared to all other minor elements such as carbon 
and siliceous materials, which existed in minor 
quantity and therefore, it will not create any major 
change in overall activity (Figures 5a and 5b). Thus, 
the principle peak of Fe in the range of 6-8 Kev fur-
ther validated the predominance of iron nanoparti-
cles in this formulation. 
 
CONCLUSION  
The present study reveals that the heavy/ toxic met-
als As, Pb, Cd and Hg were found to be absent, 
which ensured the safety of this formulation. XRD 
studies confirmed the alpha iron oxide phase and 
gamma iron oxide phases existed in the formulation. 
SEM analysis shows the aggregated particle mor-
phology for the formulation. The above investigation 
on Ayakantha chenduram using modern techniques 
establishes the fingerprint for standardization of the 
herbal formulation. In this study Ayakatha chen-
duram, a mineral based Siddha classical medicine is 
characterized scientifically for elemental composi-
tion, structural and textural properties, morphology 
and crystalline structure by different characterization 
techniques. The EDAX analysis shows the presence 
of Carbon, Oxygen, Sodium, Silicon, Sulphur, Chlo-
ride and Iron. FT-IR spectroscopy shows that the 
major stretching vibrations of different functional 
groups in organic compounds in the spectra have 
very low intensity. During the heating process in-
volved in the preparation of the formulation, the or-
ganic groups might have changed into gaseous oxi-
dized compounds and might have escaped. The XRD 

shows that the major crystalline material present in 
the chenduram is α-Fe2O3.  
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