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Abstract: 

Gas sensing properties of Bi-doped SnO2 thin films fabricated by Physical vapour 

deposition technique have been reported in this paper. Undoped and doped tin oxide 

semiconductors have applications in sensing many toxic gases and volatile organic 

compounds such as CO, CO2, H2S, Cl2, Ethanol etc., For example, Ethanol sensors is used as 

a breath analyser, because the ethanol vapor in human breath can be correlated with its 

concentration in the blood. CO2 being odourless, is difficult to be detected by smelling, 

requires smart sensors. Bismuth (Bi) is preferred as dopant material because the doping in 

SnO2 produces a greater number of oxygen vacancies that act as active surface sites for the 

adsorption of oxygen. These oxygen vacancies excel response properties for a sensor 

material. Bi-doped SnO2 may be used as CO2 gas sensor. There are many reports in the 

literature that highlight the gas sensing properties of doped nano structured SnO2.     

Key words: Thin films, tin oxide, CO2 sensor, doping, sensitivity, selectivity of sensor.  

1. Introduction: 

Since last few decades, among various oxides, SnO2 (tin oxide) semiconductor films 

have been widely employed in recognition of volatile organic compounds as stable gas 

sensors. They are also used in monitoring the environment, industries etc. [1], as window 

layer in solar cells [2], as gas sensors to sense hazardous gases like CH4, CO, NOx, CNG etc. 
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[3-5]. SnO2 and TiO2 are promising gas sensors because [6-9] of their advantages like low 

cost, simple fabrication methods, and rapid response and recovery times [10]. 

Doping is one of the expected methods of enhancing the conductivity and stability of 

the sensor by incorporating an atom or ion into host material [11, 12]. Although numerous 

studies have been conducted on the electronic and optical properties of different 

semiconductor oxides doped with metals, only a few theoretical studies exist on metal-doped 

semiconductors oxides [13-15]. The present study aims to systematically study the effect of 

Bi doping concentration on the structural properties, conductivity and stability of SnO2 by 

combining theoretical calculations with our experiments.  

Gas monitoring devices are in demand for a rapidly growing range of applications. 

Sensors play an important role in the areas of emissions control, environment protection, 

public safety, and human health [16, 17]. Much more public concern today than ever before 

over serious environmental issues is further promoting the development of sensors with both 

high sensitivity and rapid response. Metal oxide based chemical sensors have been used 

extensively for the detection of toxic pollutant gases, combustible gases and organic vapours. 

The main advantages of chemical sensors are low price, small size, high sensitivity, and low 

power consumption. Ethanol is one of the most commonly used and wide spread alcohols, 

and thus there is a need to develop sensors for its detection. The most common application of 

ethanol sensors is as a breath analyser, since the ethanol vapor in human breath can be 

correlated with its concentration in the blood [18]. Bi was preferred as dopant material 

because the doping of Bi in SnO2 produces number of oxygen vacancies. These vacancies act 

as active surface sites for the adsorption of oxygen which is very essential to possess 

excellent response properties for a sensor material. There are many reports in the literature 

that highlight the gas sensing properties of undoped and doped nano structured SnO2. Q. He 

et. al. reported the effect of Bi doping on room temperature gas response properties of SnO2 

[19]. The physical synthesis method includes PVD.  PVD is a form of thin film deposition, 

which is a vacuum-based process for coating the surfaces of different objects with pure 

materials. Coatings, also known as films, are commonly in the angstroms to microns 

thickness range and may be made up of a single material or a layered system of several 

materials. Thermal evaporation technique can be used to add pure atomic elements, such as 

metals and nonmetals, as well as molecules like oxides and nitrides. PVD is a vacuum 

coating process in which a coating material film is deposited atom by atom on a substrate by 
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condensation from the vapor to the solid phase. The basic operation principle of PVD is 

based on vacuum. During the deposition of thin film by vacuum evaporation following three 

steps are involved shown in Figure 1.  

 

Fig. 1: Steps of thin film deposition in PVD 

The aim of present work is to investigate the structural, morphological, electrical and 

gas sensing properties of Bi-doped SnO2. We have successfully fabricated Bi-doped SnO2 

thin films on standard glass substrates by using Physical Vapour Deposition. The prepared 

film samples were analysed using X-ray diffraction (XRD), FESEM, EDAX, Static gas 

sensing system etc.  

 

2. Materials and Method:  

  Commercially available SnO2 and Bismuth Oxide nanoparticles (purity 99.99%) were 

used for the fabrications of Bi-doped SnO2 thin films. Thin films were prepared by using 

PVD system. The system consist vacuum pump system, which was evacuated to 10-6-10-7 

mbar pressure by rotary and diffusion pump appropriate arrangement shown in Figure 2. The 

molybdenum boat is used to hold the nanoparticles of SnO2 and bismuth in evacuated glass 

chamber with appropriate arrangement of equipment like thermometer, power supply, high 

current transformer and others. The chamber was filled with vacuum and for deposition 

purpose clean glass substrates were used, the glass substrates were cleaned using acetone and 

IR lamp. Nanoparticles of SnO2 and bismuth place in molybdenum boat by some standard 

arrangement and using maximum voltage power supply, which was used as the target for 

evaporation. Then, prepared thin film were annealed using muffle furnace at temperatures 

400 oC and then used further study. 
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Fig. 2:  Schematic diagram of physical vapour deposition method 

The film thickness in the present work has been measured by weight difference 

method  

within the error limited by the electronic balance used. The mass of the substrate was 

calculated before depositing of films. The material was deposited on rectangular glass 

substrate. The mass of the deposited thin film was again measured. The difference between 

two masses gave the net mass of the material deposited. Thickness of the films was calculated 

using the standard formula for the density, given by      b      .....   ሺ1ሻ 
Where, Δm is weight difference of the material before and after deposition, l is length 

of the film deposited, b is breadth of the film and   is composite density of the deposited 

material. Thicknesses of most of the thin film samples calculated by this method were from 

80 to 90 nm. The samples were characterized using X-ray diffraction i.e., XRD (D8 Advance 

Bruker-AXS with Cu Kα1 source), FESEM (Hitachi-S-480-II) and Energy Dispersive 

Spectra. The electrical characteristics of the films were studied at varying temperature using a 

simple potential divider arrangement. Sample resistance was calculated by using the equation  film   ref ( film ref   )                                  .....   ሺ ሻ 
Temperature coefficient of resistance (TCR), with room temperature resistance R0 

was calculated by using the relation, 

         TC     Δ ΔT    °C                                   .....   ሺ ሻ    
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where, Δ  = change in resistance between temperature T1 and T2, corresponding to 

temperature difference ΔT between T1 and T2. 

 Activation energy (ΔE) of the electron transport in conduction band at high and low 

temperature regions was calculated from Arrhenius equation   

       R =R0e
-ΔE k

B
T                        …..  (4) 

where, R0 = room temperature resistance, kB = Boltzmann constant and T = absolute 

temperature of film sample. 

Gas sensing properties were studied in a gas sensing apparatus. The film samples 

were exposed to different gases such as Acetone (C3H6O), Ammonia (NH3), Carbon Dioxide 

(CO2), Chlorine (Cl2), Ethanol (CH4O) and Hydrogen Sulphide (H2S) at varying gas 

concentrations and film resistance was measured (Rg). Gas concentration in ppm is given by 

the equation (5), 

Gas concentration ሺin ppmሻ   volume of injected  gas in cc
volume of bell jar in cc  10        .....   ሺ ሻ 

Resistance of the thin films was measured over the temperature range from 50°C to 

375°C at the intervals of 25°C. Sensitivity (gas response) of the film samples is given by 

Sensitivity   |       |   Δ            .....   ሺ ሻ 
Where, Ra = resistance of the sample in air and Rg = the resistance of sample in a 

particular gas ambiance. Optimum temperature was found from the selectivity of the samples. 

At this temperature, CO2 was tested for gas concentrations varying from 100 to 500 ppm in 

25 lit. glass bell-jar.  

3. Results and Discussion: 

Structural Analysis by XRD 

  Figure 3 show the XRD patterns of Bi-doped SnO2 thin film. Films were scanned over 

the range of 2θ from 20-80o. The (hkl) planes (120) and (111) correspond to orthorhombic 

phase of tin oxide. The data matched with that from the JCPDS data card [20] and the 

additional peaks (110) correspond to rhombohedral phase of bismuth. The observed data 

matched with JCPDS card [21]. The centred cubic phase of bismuth oxide ƴ phase according 

to JCPDS card no. 74-1375. Crystalline nature of the films is clearly seen from the data given 

in Table 1. The crystallite size of Bi-doped SnO2 thin film was calculated using Debye 

sheerer formula and it was found to be 4.26 nm.  The small size of crystallite particle is very 
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useful for gas sensing applications. Because the as crystallite size decreased the volume to 

surface area of particle is increased which provide more rate of adsorption of gas molecules 

on the surface of film. 

 

Fig. 3: XRD patterns of Bi-doped SnO2 thin film  

Table 1: Outcomes of Bi-doped SnO2 from XRD pattern 

Peak 
Position 2θ 

(hkl) 
plane 

FWHM (rad) Crystallite size 
(nm) 

27.16 012 0.03 4.26 

31.63 120 0.01 11.01 

34.15 111 0.02 10.27 

39.61 110 0.01 10.83 

48.70 202 0.01 19.39 

65.62 321 0.01 24.25 

 

Surface Morphology using FESEM 

The surface morphologies of Bi-doped SnO2 thin film obtained by using FESEM are 

shown in Figure 4. Average grain size Bi-doped film, were observed to be 65.61 nm. The 

compactness and agglomeration of the grains is clearly seen from the FESEM images of 

doped film. This is possibly due to annealing of the samples. The FESEM image of Bi-doped 

SnO2 thin film shows the formation of spherical particles as well as the more porosity of 

Heritage Research Journal | ISSN No: 0474-9030 | https://heritageresearchjournal.com/

Volume 71, Issue 10, 2023 | Page No. 221



 

 

nanoparticles. The more porosity or voids are beneficial for gas sensing mechanism, these 

voids promote more reactive surface in presence of gas molecules.  

 

Fig. 4:  FESEM image of Bi-doped SnO2 thin film  

EDAX Analysis 

Figure 5 shows Energy Dispersive Spectra of Bi-doped SnO2 thin film. Table 2 

indicates the atomic and weight percentage of Sn, O and Bi. Non-stoichimetry of oxygen is 

seen from the data.     

 

Fig. 5: EDAX spectra of Bi-doped SnO2 thin film  
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 Table 2: Elemental Composition of Bi-doped SnO2 from EDAX 

Type of sample Atomic 
Number 

Element Weight 
% 

Atomic 
% 

Bi-doped SnO2 50 Sn 12.48 01.89 

8 O 87.43 98.10 

83 Bi 0 0.09 00.01 

 Total 100.00 100.00 

Electrical Characteristics 

A. I-V Characteristics 

 I-V characteristics of the of Bi-doped SnO2 thin film were studied by simple series 

circuit constituting the sample in series with a regulated voltage source, a digital voltmeter 

and a picoammeter I-V characteristics for of Bi-doped SnO2 thin film is shown in Figure 5.  

 

Fig. 5:   I-V characteristics of Bi-doped SnO2 thin film 

  The resistance of the of Bi-doped SnO2 thin films is observed to decrease. This is 

because of enhancement in the conduction due to doping. The characteristics also confirm 

ohmic nature of the of Bi-doped SnO2 thin films. 
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Fig. 6:   Arrhenius plot of Bi-doped SnO2 thin film 

 Fig.  6 represents variation in log Rc as a function of reciprocal of absolute 

temperature (Arrhenius plot) to estimate activation energy. Activation energy was estimated 

for low and high temperature regions. It was low in the low-temperature region since at lower 

temperatures supplied thermal energy was not enough to overcome the potential barrier. As 

the temperature increased, supplied energy also increased therefore in high-temperature 

region activation energy got altered. The activation energy is calculated at low temperature 

region was 0.08 eV and at high temperature region was 0.17 eV. 

Gas Sensing Characterizations 

  The gas sensing behaviour of fabricated Bi-doped SnO2 thin films was studied by 

using static measurement system. DC resistance measurement, by voltage divider method, 

was employed for sensitivity measurement as a function of temperature and target gas 

concentration. The Bi-doped samples were tested for acetone vapours, chlorine, carbon 

dioxide, ethanol vapours, hydrogen sulphide and ammonia for their concentrations in air 

ambiance varying from 100 ppm to 500 ppm. The target gases were tested for temperature 

range varying from 50oC to 200oC. Figure 7 represents sensitivity versus temperature of Bi-

doped SnO2 thin films to selected target gases. It has been observed that the fabricated Bi-

doped SnO2 thin films shows maximum sensitivity to CO2 gas at operating temperature 125 
oC and gas concentration 300 was ppm. It was also found that films showed higher response 

to CO2 over other gases. Gas response initially increases, reaches maximum to at 125 oC and 

then decreases for higher temperatures.  
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Fig. 7: Temperature versus sensitivity plot of Bi-doped SnO2 thin film 

 

Fig. 8: Selectivity plot of Bi-doped SnO2 thin film 

  Selectivity can be determine the response of particular analyte of gas among the 

mixture of gases. The selectivity plot of Bi-doped SnO2 thin film is illustrate in Figure 8. The 

maximum selectivity was found to be CO2 gas compared to other selected gases as shown in 

figure 8.  
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Fig. 9: Response time and recovery time plot of Bi-doped SnO2 thin film 

  Response and recovery times are two important parameters of a gas sensor since their 

values determine the applicability of the sensor. In gas detection, response time is usually 

defined as the time taken to achieve 90% of the final change in conductance of the sensor in a 

given gas concentration [24]. Recovery time is the time taken to return from the conductance 

in a given gas concentration to 90% of initial conductance of the sensor [24]. The response 

time and recovery time were measured for CO2 gas at operating temperature 125oC and 

concentration of 300 ppm of CO2 gas as shown in Figure 9.  The response and recovery times 

were observed to be ~9 s and ~33 seconds respectively. Any novel gas sensor has required 

low gas concentration and lower operating temperature. The ppm variations of CO2 gas at 

operating temperature 125oC was carried out and the obtained result is revealed in Figure 10. 
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Fig. 10: CO2 gas variation (ppm) versus sensitivity plot of Bi-doped SnO2 thin film 

Gas Sensing Mechanism  

  The metal oxide semiconductor gas sensors work on the principle of chemoresistance 

i.e., there is change in electrical conductivity of the film when exposed to a target gas. Thus, a 

gas molecule acts as either a donor or acceptor of charge carriers. Thus, chemoresistive 

property changes conductivity associated to adsorption and desorption of gas molecules on 

the surface of metal oxide. As lower layer of atmosphere is composed of nitrogen, oxygen 

and water molecules along with other gases in traces, metal oxide surface sensing depends 

upon wet and dry ambiance on its surface. Water molecules have major role in wet conditions 

and oxygen plays a decisive role in dry atmosphere [27]. Thus, the response of metal oxide 

towards a specific target gas is a net change in resistance due to gas solid interaction in the 

ambient atmosphere. The following equation describes the adsorption process in case of 

oxygen deficient sites ( 
OV ) on the metal oxide surface. Oxygen from the ambient diffuses to 

the oxygen vacant sites in metal oxide surface by consuming one or two free electrons Eq. 7. 

Thus, the chemisorptions of oxygen molecules reduce the mobility of electrons leading to 

reduction in conductance in n-type materials and reduce the active sites for further 

adsorption.  
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       2e        lattice                                  .....   ሺ ሻ 
Carbon dioxide molecule has linear bonded atoms and has no lone pair of electrons for 

bonding. Ostrick et. al. [28] have reported that at low temperatures, the dissociated hydroxyl 

and hydrogen ions from water molecules at the surface of metal oxide react with gaseous CO2 

to form carbonate ions ( 2
3CO ) as given in Eqns. (8) - (11), with the intermediate products, 

formate ions and bicarbonate ions [29].  At high temperatures, CO2 molecules interact with 

the layered oxygen ions (O2-) directly to form carbonate ions [30] as given in Eqn. (12).   

    C  ሺgasሻ   Hሺadsorbedሻ  HC  ሺsurfaceሻ                                                .....  ሺ ሻ 
    C 2 ሺgasሻ   ሺadsorbedሻ  2eሺsurfaceሻ  HC  ሺsurfaceሻ                                .....   ሺ ሻ 
    HC  ሺsurfaceሻ  C    Hሺsurfaceሻ                                                         ..... ሺ  ሻ 
    HC  ሺsurfaceሻ   Hሺadsorbedሻ  C  ሺbulkሻ      ሺgasሻ                              ..... ሺ11ሻ 
    C 2 ሺgasሻ   ሺadsorbedሻ   C                                                                   ..... ሺ12ሻ 
Besides the oxygen adsorption, CO2 molecules further oxidized the metal oxide surface and 

increase the surface resistance (Fig.12). Following REDOX mechanism is proposed to 

explain  

the interaction of oxygen and CO2 on the metal oxide surface. 

2C 2 ሺgasሻ  2  ሺadsorbedሻ   C  ሺgasሻ                   .....   ሺ  ሻ 
Since highly stable CO2 gas showed poor response when reacted with pure SnO2 metal oxide 

film, researchers prepared doped SnO2 films to solve the challenge. Doping is one of the most 

effective techniques for an enhancement of gas response and selectivity of metal oxide gas 

sensors [31-34]. Different dopants were tried for this purpose [35].  

  Oxygen is adsorbed on the metal oxide surface when the film is heated in air. At 

lower temperatures, the surface reaction proceeds very slowly. The adsorption of oxygen 

forms ionic species including O2
-, O- and O2-, which have acquired electrons from the 

conduction band. The adsorption kinematics is explained by the following reaction paths [36-

38]. The oxygen ions O2
-, O- and O2 are stable below 100oC, between 100 and 300oC and 

above 300oC respectively [39].   ሺgasሻ    ሺadsorbedሻ                                                         .....   ሺ  ሻ   ሺadsorbedሻ                                                             .....   ሺ  ሻ        2                                                                 .....   ሺ1 ሻ 
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2                                                                      .....   ሺ17ሻ 
  They are correspondingly adsorbed from surface temperatures of 80oC, 130oC and 

250oC respectively. The electron transfer from the conduction band to the chemisorbed 

oxygen leads to the decrease in the electron concentration in the film. For n-type 

semiconducting metal oxide, resistance of metal oxide film increases. The operating 

temperature dependence of sensing properties could result from changing adsorption and 

desorption rates of oxygen ions on metal-oxide surface [40]. 

  The adsorption of O- is very interesting step in metal oxide semiconducting gas sensor 

because the O- ions assist the adsorbed oxidizing ions to take the electrons from the metal 

oxide surface. The concentration of electrons on the surface of metal oxide decreases and the 

resistance of n-type metal oxide layer increases accordingly [41]. The of Bi-doped SnO2 thin 

films gas sensing mechanism is shown in figure 11. 

 

Fig. 11: Gas sensing mechanism of Bi-doped SnO2 thin film before and after exposure to CO2 gas 

Conclusions 

1. The Physical Vapour Deposition method can be used to fabricate of Bi-doped SnO2 

thin films.  

2. Once the appropriate vacuum is obtained, a large number of uniform and 

contamination free thin films can be fabricated at room temperature by this method.  

3. EDAX studies confirmed the nonstoichiometric of the Bi-doped SnO2 thin films.  
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4. Surface properties have not changed appreciably. Electrical characterizations support 

the n-type semiconducting nature of the films deposited. 

5. Since film samples showed maximum response at an operating temperature of 125oC 

to CO2 gas, they can be used as CO2 gas sensor.  
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Abstract:  
 Ba2Al2SiO7, a long-lasting afterglow phosphor, was prepared at high temperature using a 

solid-state reaction in a weak reductive atmosphere. UV-visible spectroscopy, infrared spectroscopy, 

X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive spectrum (EDS), 

and photoluminescence (PL) were used to characterize the prepared powder samples. The XRD 

analysis of the prepared Ba2Al2SiO7  host and Ce3+ doped Ba2Al2SiO7  phosphors revealed a 

hexagonal crystal structure. The band gap energies of prepared undoped and Ce3+ doped Ba2Al2SiO7 

nano-phosphors were calculated using UV spectroscopy. The FT-IR technique was used to study the 

bonding nature of the prepared samples. The crystal structure of the prepared Ce3+ doped 

Ba2Al2SiO7  phosphors was calculated using the XRD technique, and it was found to be hexagonal 

axes with cell parameters a=4.7636A0, c=15.5820 A0, and particle size 28.776nm. The optical band 

gap energies of Ba2Al2SiO7 host and Ce3+ doped Ba2Al2SiO7 were calculated using UV 

spectroscopy. The PL spectra showed the maximum intensity for Ce3+ doped Ba2Al2SiO7Y at 282 

and 443 nm under 600 nm excitation. The CIE color coordinates of the Ce3+ doped Ba2Al2SiO7Y are 

calculated using the radiant imaging color calculator program and refer to the 1931 CIE Standard 

Source C. 

Keywords: muffle furnace, Solid state diffusion method, spectrophotometer technique 
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1.Introduction: 
Rare earth element activated phosphor materials have been studied for the past 30 years and 

used in a variety of applications. These rare earth elements piqued people's interest because of 

their characteristic emission in the visible and near-visible (ultraviolet) regions. The visible 

emissions are attributed to the 5d → 4f transition. Researchers are particularly interested in 

europium ion activated phosphors because of their characteristic emission of europium ions in 

the visible region. The europium ion activated phosphors have been used in a variety of 

applications, including display devices, solid state lighting, radiation dosimetry, x-ray imaging, 

CRO tubes[1-4]., LEDs, and Hg discharge lamps [5-8]. The luminescence property of the 

europium ion is known to be strongly influenced by its surrounding crystal field and the 

symmetry it acquires. Basically, silicates have appropriate. 

 Properties from an application standpoint include excellent temperature stability, water 

resistance, and the ability to exhibit luminescence when doped with rare earth and transition 

elements such as europium (Eu) and cerium (Ce).The emission of rare earth elements is affected 

by the size, charge, and strength of the ligand-metal ion bonding caused by the surrounding 

legands. This emission, known as the 5f→ 4d transition [9-10], is a broad band emission that 

ranges from ultraviolet to yellow.  

 Recently, various silicate phosphors activated with Cerium ions have been studied and 

investigated. As a result, we can conclude that barium doped silicate phosphor has potential 

applications in a variety of lighting fields. 

 In this paper, we will present the synthesis and characterization of Ce doped Ba2Al2SiO7 

nano phosphor using UV-Visible, FT-IR, X-ray powder diffraction, FE-SEM, EDS, and 

spectrophotometer techniques. 

 

2. Method of Preparation: 
 We used the solid state diffusion method to prepare Ce doped Ba2Al2SiO7. Solid state 

reactions use a diffuse reaction mechanism, necessitating repeated grinding and heating. So, the 

reaction is grind for 15-20 minutes and heat the solid powder mixture (calcination) at elevated 

temperatures in air using a muffle furnace (7500c) for 24 hours of Ba2Al2SiO7, the material cooled 

down for 24 hours, and repeated grinding and heating the powder at 7500c for 6 hours in a 

controlled atmosphere is required to master the valence of the activator and the stoichiometry of the 
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host lattice. As a result, doping 1-3% of the activator in the oxide host has been delicate. Again, 

samples are stored in glass bottles with proper labeling. These samples are used for further 

characterization. 

 

3._ Characterization of cerium doped Ba2Al2SiO7: 
 UV-visible spectroscopy, FT-IR spectroscopy, X-ray powder diffraction, FESEM, EDS-

spectroscopy, and spectrophotometer techniques are used to characterize the prepared Ce doped 

Ba2Al2SiO7 samples. 

3.1 UV-visible spectra (UV): 

       

 

 

 

 

 

 

 
Fig.1.1 Band gap energy of Ba2Al2SiO7 

 
Table no 1.1: band gap energy of the prepared sample of Ba2Al2SiO7are enlisted below. 
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Fig.1.2 Band gap energy of Ba2Al2SiO7 

1.2 IR-Spectroscopy 
 

 

 

 

Figure.(1.3a): IR spectra transmittance Ba2Al2SiO7 : Host 
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Figure.(1.3b): IR spectra transmittance Ba2Al2SiO7 :Y 

 

 

 

Figure.(1.3c): IR spectra transmittance Ba2Al2SiO7 : Ce 

 
Table. 1.2: IR Vibrations 

Vibrations Bonds Nature of Vibrations 

1400 Ba – O Vibrations 

1200 – 800 Si–O–Si 

Si–O-Al 

Stretching Vibrations in SiO4 

935 Si-O Terminal Stretching Vibrations 

750 – 600 Al-O,  

Si-Si, 

Si-Al 

Stretching Vibrations 

600 – 300 Si-O-Si, 

Si-O-Al 

Bending Vibrations 

 

The IR spectra are shown in the figure. (1.3a)(1.3b)(1.3c). The presence of broad bands in 

the spectrum indicates that the sample is amorphous. A broad band centered at 950 cm-1 in the 1200-

800 cm-1 region indicates asymmetric vibrations of Si-O [11-13] within different Si structural units. 

An intense broad band in the 300-600 cm-1 range is attributed to the bending vibration of Si-O-Si 

linkages in various structural units.  The symmetric stretching of Si-O and Si-O-Si units results in a 

less intense band between 600 and 800 cm-1. The presence of crystalline phases is represented by the 
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splitting of the broad bands into a number of sharp bands at approximately 1010, 970, 900, 830, 

662, 600, 482, and 452 cm-1. Thus, as with XRD, FTIR indicates the start of the crystallization 

phase. With increasing temperature and dwell time, these vibration bands become sharper and more 

intense, reflecting an increase in the crystalline phase in glass-ceramic materials. Some additional 

bands appear around 1060, 930, 706, 625, and 550 cm-1, becoming more intense as dwell time and 

temperature increase.  According to the literature, these vibrational bands are typical of the 

Ba2Al2SiO7 crystalline phase. With a longer dwell time at higher temperatures, these bands become 

more sharp and intense, implying an increase in the amount of Ba2Al2SiO7 crystalline phase.  A 

number of sharp and intense vibrational bands, corresponding to both crystalline phases, are present. 

 

3.3 X-Ray Diffraction (XRD): 

 

Fig (1.4) - XRD spectrum for Ce doped in Ba2Al2SiO7 

The XRD pattern of Ba2Al2SiO7 is shown in Figure (1.4). The XRD pattern of Ba2Al2SiO7 matches 

ICDD file no. 96-900-1420. It has hexagonal axes structure with cell parameter a=4.7636A and 

c=15.5820Aº[11-13]. 

The XRD pattern shows peaks with high intensity, confirming the high crystalline nature of the 

prepared host Ba2Al2SiO7 sample. The particle size from the XRD data is calculated using a formula 

and is found to be 28.776nm. 

� = 0.9������ 
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3.4 Scanning Electron Microscope (SEM): 

 
               Fig (1.5a) - SEM for 1micrometer size          Fig. (1.5b)- SEM for 5 micrometer size 
 Figures (1.5a) and (1.5b) show SEM micrographs at various magnifications, demonstrating 

the presence of surface crystallization. The figure also depicts the dendrite growth of crystals. 

Figure depicts two distinct types of crystallites in the microstructure. So, we use FESEM for the 

particle.  

3.5 Field Emission Scanning Electron Microscopy (FESEM): 

 

 
Figures 1.6: Field Emission Scanning Electron Microscope. 

 FE-SEM images of the host Ba2Al2SiO7 (fig.1.6) show that the host sample has a 

nanostructure on the order of 50 to 100 nm. 
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3.6 Energy Dispersive Spectrum (EDS): 

   
Figure 1.7 Energy dispersive spectrum of Ba2-xAl2-ySiO7Yy: Cex 

Figure (1.7) shows the EDS spectrum and elemental composition of Ba2Al2SiO7. The EDS 

spectrum of Ba2Al2SiO7 shows signals for Ba, Al, Si, and O in the prepared host material. These 

observations, combined with XRD analysis, confirm the successful preparation of Ba2Al2SiO7 

phosphors. 

3.7 Photoluminescence (PL) 

 

Fig.(1.8)- Excitation spectra of   Ba2Al2SiO7:Cephosphor 
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Fig (1.9) -  Emission spectra of   Ba2Al2SiO7:Cephosphor 

 We measured photoluminescence spectra for Ba2Al2SiO7: Ce3+. Figure 1.8 shows the 

excitation spectra for Ba2Al2SiO7: Ce3+. The excitation spectra are carried out at the 450nm emission 

wavelength. It shows only one peak at 282 nm, which serves as the excitation wavelength for the 

sample's emission spectrum [15-17]. 

     The emission spectrum is shown in figure (1.9) above. It had a broad emission peak at 443 nm 

and other low intensity peak at 423nm. The broad emission peak at 443nm is used for the excitation 

spectrum. 

As a result, the prepared sample of Ba2Al2SiO7: Ce3+. can be used in UV excitation and 

emission LEDs. 

3.8 Color Co-Ordinates 

 

Fig.1.10: Color co-ordinates of Ba2Al2SiO7: Ce3+ 
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A 2-D chromaticity diagram similar to the one in Figure 1.10 can be used to express the 

chromaticity coordinates [20-22]. This graphic displays the spectral wavelengths of the major single 

frequency colors as well as all the hues that a typical observer would be able to perceive for 

different (x,y) pairs. The white point on this diagram is represented by the A point. 

The chromatic coordinates (x, y) was calculated using the color calculator program radiant 

imaging refer to the 1931 CIE Standard Source C (illuminant Cs (0.3101, 0.3162)) [22]. The 

coordinates of the Ce3+ doped Ba2Al2SiO7phosphors of strong blue color (x_0.8535, y_0.3852) for 

emission at 443 nm and are shown in Figure 8 by points A (white circle). This indicates that the 

color properties of the phosphor powder prepared by combustion synthesis do approaching 

requirements of solid state lighting. 

 

4._ Conclusions: 
A solid-state reaction used to prepare the cerium ion doped Ba2Al2SiO7 phosphor. The XRD 

measurements show that the prepared phosphor has a hexagonal structure. The band gap energies 

are calculated using UV spectroscopy and are 3.43 eV, 5.18 eV, and 5.04 eV for pure Ba2Al2SiO7, 

0.1 m% Ce3+ doped Ba2Al2SiO7, and 0.5 m% Ce doped Ba2Al2SiO7, respectively. PL measurements 

show the highest intensity at 443 nm, these phosphors are appropriate for lighting applications. 
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 Abstract: Liquefied petroleum gas (LPG) is used for cooking as well as in vehicles in the form 

of compressed natural gas (CNG) and in industries. As gas is volatile, there is the possibility of 

leakage which will be turned into take explosion or fire. It is a keen need to use the detection 

system for gas leakage for security purposes.  ZnO thick film sensor was synthesized and 

fabricated by using the standard screen-printing method. The XRD pattern revealed that the 

ZnO thick film was polycrystalline, with an average crystallite size of around 27.1174 nm. The 

SEM scan revealed a ZnO particle size of around 1.88µm. Additionally, electrical and thermal 

properties were examined. This paper discussed the synthesized ZnO thick film LPG gas 

leakage detector prototype using Arduino ATMEGA8.  
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1. Introduction 

The main source of fuel in this era is liquefied petroleum 

gas (LPG) not only in urban areas but also in rural areas. 

Compared to traditional fuel material LPG is clean and easy 

to handle. Because of the different government schemes 

most of the families in the rural areas benefited from using 

LPG. Today gas sensors are marked and demanded 

chemical sensors (Shankar and Rayappan 2015). Gas 

detection and indicators are widely needed in industries, 

industrial safety, monitoring and controlling environmental 

conditions, and processing control. The change in any one 

or more properties for instance resistance, temperature, 

humidity, etc. in the presence of a gas environment 

identifies the detection of gas leakage (Sowmya et al. 

2021).  The working of a metal oxide-based thick film gas 

sensor is based on the reaction of gas molecules with the 

surface of a thick film (Gusdevi et al. 2021). In this Oxygen, 

ions absorb on the surface by removing the electrons from 

bulk material and creating the barrier which limits the 

electron movement and results in the conductivity of the 

sensor (Hussain et al. 2017). For the detection of gas by 

metal oxide semiconducting material smaller grain size, 

stability, and good structural and electrical properties are 

the most important parameters (Bhavithra et al. 2021). 

The structural and electrical properties can be changed 

and improved by adding the additive and or dopant 

material (Ménil et al. 2005). Metal oxide materials are 

widely used for different applications such as solar cells, 

sensors, supercapacitors, optoelectronics, cosmetics, 
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piezoelectric, etc. (Naeem et al. 2023). For commercial 

purposes, LPG is considered fuel in all countries (Devi et al. 

2006).  Today LPG is vastly and primarily used in different 

applications, mostly for cooking and recently in vehicles 

since it is clean and convenient (Shinde et al. 2007). The 

LPG gas is stored as a liquid at high pressure and low 

temperatures thus the gas converts into liquid in the 

cylinder which is use for cooking purposes (Arshak and 

Gaidan 2005). LPG means Liquefied Petroleum Gas having 

a mixture of different hydrocarbon elements and 

originating from natural gas (Singh et al. 2023). For 

commercial use, LPG is stored in a cylinder whereas the 

LPG storage area uses strong and not easily leak gas tubes 

(Patil et al. 2023). But we know that LPG is a flammable gas 

so the main issue of the leakage problem of LPG is a 

serious problem for home security and residential area. 

Many commercial gas sensors are available in the market. 

Out of that MQ series metal oxide-based gas sensors are 

used widely. Use of MQ gas sensor for detecting different 

reducing gases like LPG, smoke methane, and butane 

directly or with Arduino from 200 to 10000 ppm gas (Singh 

and Yadav 2023). This gas sensor cannot identify which gas 

was leaked, if a mixture of gas is present in the air, it 

detects the gas having the highest ppm. Similarly, most of 

the research was done on metal oxide semiconducting-

based gas sensors (Reshma et al. 2023). The adsorption 

properties of the gas sensor change with respective 

changes in temperature and simultaneously noted the 

change in resistance value (Ingale et al. 2023). The 

sensitivity of the gas sensor depends on the gas molecules 

distributed on the surface of the sensor material, the 

morphology of the surface of the sensor, the grain size of 

the material, the surface area, etc (Panwar et al. 2023). 

The oxide materials like tin oxide, iron oxide, zinc oxide, 

cadmium oxide, aluminum oxide, molybdenum oxide, 

nickel oxide, and tungsten oxide, were studied for a long 

time as gas sensors. However, these oxide materials are 

sensitive to gas at very high temperatures (Shkir, 2023).  

Zinc oxide (ZnO)-based gas sensors have become 

increasingly popular due to their rapid response, low 

detection limits, high selectivity, reliable performance, and 

cost-effectiveness. ZnO offers additional advantages such 

as biocompatibility, chemical stability, environmental 

friendliness, and low synthesis costs, making it a focal 

point in research for detecting toxic and harmful gases. A 

comparative analysis of a developed ZnO sensor prototype 

with available ones would involve evaluating sensitivity, 

selectivity, response time, detection limit, stability, 

reliability, manufacturing cost, environmental impact, and 

long-term performance. This analysis helps researchers 

understand the strengths and weaknesses of the 

developed sensor and identify areas for improvement, 

ultimately advancing the field of gas sensing technology. 

The comparison aims to highlight the prototype's 

performance against existing sensors, showcasing its 

potential for practical applications. Researchers analyze 

various parameters, including sensitivity, selectivity, and 

response time, to gauge the prototype's effectiveness. By 

addressing these aspects, the study contributes valuable 

insights to enhance ZnO-based gas sensor technology. 

Nowadays, interfacing of commercially available gas 

sensors with Arduino is widely used for sensing various 

gases and indicating the leakage of gas. Many researchers 

continuously work on thin/thick film semiconductor 

material gas sensors and try to improve the sensitivity, 

response, and recovery time but very few used the 

material for a working model. In this paper ZnO is used as a 

gas sensor prototype for LPG gas sensing using Arduino has 

been discussed. The advantage of this prototype system is 

that we can change the thick film sensor as well as the 

operating temperature (less than or equal to 300 °C) for 

the different gases as studied in characterization.   

2. Experimental details 

The methodology includes different stages, an 

experimental technique for the synthesis of ZnO powder, 

fabrication of thick film sensor, structural characterization 

of thick film sensor, electrical and gas sensing 

characteristics of thick film, and prototyping of ZnO thick 

film using Arduino. 

2.1. Synthesis of ZnO 

The ZnO powder was prepared by using the high-

temperature self-combustion sol-gel method (Nehru et al. 

2016). In this method, the precursors are Zinc nitrate 

hexahydrate as a source material and Dextrose as a fuel 

was used. The mixture of source material and fuel was 

dissolved in water and kept on a hot plate. As the solution 

becomes gel-type it was kept in a pre-heated muffle 

furnace at 550 °C
 
 for 5 to 10 minutes. The solution boils, 

ignites, and after completion of the reaction yields an 

amorphous-like powder. The powder was calcinated at 650 

°C
 
to get pure ZnO. The XRD of the powder proves the 

formation of ZnO. 
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2.2. Fabrication of ZnO thick films 

The ZnO thick films were fabricated using a well-known 

screen-printing technique. For making the paste and for 

fabrication the ratio of organic to inorganic material was 

70:30 throughout the work.  For the formation of proper 

paste, in inorganic material ZnO powder and glass powder 

as a permanent binder were used. Whereas the inorganic 

part contains Ethyl cellulose as a temporary binder and 

Butyl Carbitol Acetate as a vehicle. The prepared paste was 

printed on the alumina substrate using the screen-printing 

technique. After drying the films in air and under an IR 

lamp the films were fired at 700 °C for 1 hour to remove 

the organic vehicle and stick the film material evenly on 

the surface of the alumina substrate. To decrease the 

wake-up time of the sensor of thick films one can mix the 

smaller amount (1 to 10%) of the different oxide material 

additives like Al2O3 and TiO2 are added to the ZnO powder 

(Lamdhade 2015). And then analyze the electrical and gas 

sensing characteristics of the sensor films. The flow chart 

of the fabrication process shows the detailed method.          

Fig. 1 shows the block diagram of the process of 

fabrication of ZnO thick films.  

3. Results and Discussion 

3.1 Structural and morphological analysis 

The structural characteristics of ZnO films were studied 

using X-ray diffraction (XRD) and morphology 

characteristics were studied using a scanning electron 

microscope (SEM). ZnO thick film was prepared at 550 °C  

 

Fig. 1. Block Diagram of preparation and fabrication of 

thick film samples. 

Fig. 2. XRD pattern of ZnO thick film. 

temperature. Fig. 2 shows the XRD pattern of ZnO thick 

film.  

The nature of the ZnO thick film was polycrystalline from 

the X‘D patterŶ. To fiŶd the Đrystallite size SĐherrer͛s 
formula was used below Eq. (1). 

Crystallite size (D) =   (1)          

Where  is the wavelength of X-ray radiatioŶ aŶd β is the 

FWHM.  

 

Fig. 3 shows the SEM image of the ZnO thick film.                   

The grains were agglomerated with space in between. The 

)ŶO partiĐle size of aďout ϭ.ϴϴμŵ ǁas oďserǀed ďy SEM 
image. The specific surface area of the spherical particles 

of ZnO thick film material was derived by using the 

following Eq. (2). 

 Sw =      (2) 

Where  the density and d is the diameter of the particles. 

 
Fig. 3. SEM image of ZnO thick film. 
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Table 1 Crystallite size from XRD and Particle size, specific 

surface area from SEM. 

Sr.  

No. 
2θ 

Plane 

(hkl) 

Observed Values 

2θ d(A
o
) 

Intensity 

(I/I0) 

FWHM 

;βͿ 
D 

(nm) 

1 31.78 100 31.80 2.81 62.50 0.2553 34.1529 

2 34.44 002 34.41 2.61 53.71 0.2551 34.4118 

3 36.26 101 36.26 2.48 100.00 0.3130 28.1908 

4 47.55 102 47.48 1.92 20.21 0.3023 30.3037 

5 56.62 110 56.57 1.63 27.60 0.3600 26.4517 

6 62.88 103 61.27 1.51 11.71 0.3375 28.8766 

7 63.40 200 62.84 1.48 22.10 0.3867 25.4112 

8 67.98 112 66.48 1.41 12.92 0.3946 25.4082 

9 69.12 201 68.15 1.38 20.60 0.5101 19.8468 

10 72.59 004 69.08 1.36 8.95 0.4183 24.3368 

11 76.98 202 76.84 1.24 23.64 0.5121 20.9004 

 

Table 1 contains the standard values of XRD data of ZnO 

from JCPDS 36-1451 card and calculated values of 2θ, d, 

FWHM, and peaks (hkl).  The estimated crystallite, particle 

size, and specific surface area from XRD characterization. 

The average size of crystallite is about 27.1174 nm. 

3.2 Electrical and Thermal Characterization  

The electrical and gas sensing characteristics of prepared 

ZnO thick film were studied in the presence of air and LPG 

gas environments with respective changes in temperature. 

As the temperature rises, the decrease in sensor resistance 

takes place because of desorption of hydroxyl groups 

indicates the increase in sensitivity (Nehru et al. 2016).  

The gas sensing characteristics were observed in the 

presence of 1000 ppm LPG gas. Figure 4(a) shows the 

variation of resistance of prepared ZnO thick film 

concerning the change in temperature from room 

temperature to 400 °C. As the temperature increases the 

resistance of ZnO film decreases. Also, it was clear that the 

resistance of the film was lower in the presence of a gas 

environment.   Fig. 4 (b) shows the graph for finding the 

operating temperature. The operating temperature is the 

temperature at which the thick film sensor senses the gas 

and changes its resistance. The operating temperature was 

calculated using the ratio of the resistance of the film in 

the air to the resistance of the film in a gas environment. 

The ZnO gas sensors require a higher temperature 

;ďetǁeeŶ ϮϬϬ ᵒC to 4ϬϬ ᵒCͿ to seŶse aŶd respoŶd to the 

reducing or oxidizing gases is the main disadvantage. 

Figure 5 clearly shows the two different peaks at 

temperatures ϭϳϬ ᵒC aŶd Ϯ4Ϭ ᵒC ǁith the sensitivity of 3.5 

and 4.29, respectively.  The sensitivity increases with an 

increase in temperature. 

 

Fig. 4. (a) Electrical characteristics of ZnO thick film in the 

presence of air and LPG gas (b) Response curve of Film 

resistance V/s Operating temperature. 

3.3 ZnO thick film-based LPG gas sensor prototype 

As metal oxide-based gas sensors work at higher 

temperatures the heater and its temperature are the most 

important parameters while designing a prototype gas 

sensor. In this study, a Nichrome wire wound around a 

ceramic Đore haǀiŶg ϭΩ resistaŶĐe ǁas used as a heater 
with a high power rating from 50 to 100 watts. The size of 

the heater is 10 X 10 X 30 mm. The Maximum working 

surfaĐe teŵperature of the heater is up to 4ϬϬ ᵒC. To 
power up the heater 12V power supply was provided. To 

control and maintain the operating temperature 

thermocouple is used. The output of the thermocouple is 

connected to the ADC through the AD595 instrumentation 

amplifier. The Atmel ATmega8A board is used to interface 

and to show the result on an LCD screen. Figure 5 shows 

the circuit diagram of ZnO thick film-based LPG gas sensor 

prototype. 

This circuit can be used for different types of thin/thick 

metal oxide-based gas sensors. The sensor film can be 

removed and replaced for testing of different gases. Once 

the heater is ON, it increases the surface temperature so 

that ZnO thick film temperature. As soon as the heater 

 

Fig. 5.  Circuit diagram of ZnO thick film-based LPG gas 

sensor prototype. 
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temperature reaches the operating temperature heating 

stops and maintains the temperature. Buzzer used to 

indicate the heater temperature reached up to operating 

point temperature. Once this buzzer is ON, the circuit is 

ready for testing gas leakage. The buzzer starts only once 

initially when the circuit is powered up and the heater 

starts to heat up to the operating point temperature after 

that control circuit maintains the operating temperature 

and heater ON and OFF as per requirement. It takes 

different times for different operating temperatures. It 

takes around 4 minutes to reach a temperature of 150 °C.  

At this temperature around 50 mW power is required to 

the circuit. After exposure of LPG gas, the surface of the 

sensor reacts with LPG result to drop the resistance of 

sensor gradually.  

The change in the sensor resistance is displayed on the LCD 

screen indicates the leakage of gas. This sensor circuit i.e 

prototype gas sensor works for different type of thick/thin 

films at variable operating temperatures by simply 

exchanging the first sensor film with the other sensor film. 

The maximum temperature of the heater is 300 ᵒC so one 

can use it for an operating point up to 300 ᵒC. Fig. 6 (a) 

shows the sensing circuit with display (portable prototype 

sensor kit) Fig. 6 (b) shows the actual circuit's internal 

connection with Arduino and Portable prototype kit.  

Figure 7 (a) and (b) shows the complete prototype sensor 

under testing condition. The screen displays the heater's 

real-time temperature means sensor temperature by the 

ǁord ͚TMP͛, the operatiŶg teŵperature of the seŶsor ďy 
the ǁord ͛SET͛, aŶd the resistaŶĐe of the seŶsor by the 

ǁord ͚‘EST͛. Tǁo push ďuttoŶs are used for settiŶg the 
operating temperature as per requirement one for 

increasing and the other for decreasing the set 

temperature. After power on the circuit first set the 

operating temperature and the power on the heater, it 

increases to the set point, and the heater is automatically 

off. If the heater temperature decreases or increases, 

 

Fig. 6 (a) Portable Prototype gas sensor kit (b) Internal view 

interfacing with Arduino. 

 

Fig. 7 (a) Portable Prototype ZnO gas sensor kit under 

testing condition (b) Output LCD display for readings. 

control the circuit ON and OFF the heater and maintains 

the operating point. This complete process is completed in 

5-7 minutes. After that, if LPG exposes on the surface of 

the thick film sensor it is indicated on display by decreasing 

the value of resistance. 

4. Conclusion 

The usual screen-printing approach was used to synthesize 

and produce a ZnO thick film sensor. According to the XRD 

pattern, the ZnO thick film is polycrystalline, with an 

average crystallite size of roughly 27.1174 nm. The SEM 

scan revealed that the ZnO particle size was approximately 

1.88m. Electrical and thermal properties have also been 

investigated. A prototype LPG gas leakage detector based 

on ZnO film sensor and Arduino ATMEGA8 has been 

constructed and tested successfully. Petroleum liquefied 

gas LPG is used not just for cooking but also in vehicles as 

compressed natural gas (CNG) and in industry. Because gas 

is flammable, there is a risk of leakage, which could result 

in an explosion or fire. It is critical to use a gas leak-

detecting system for security reasons.   
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Abstract 
One of the challenges in metal oxide gas sensors is to achieve high sensitivity and selectivity towards 
specific gases of interest while minimizing cross-sensitivity to other gases present in the environment. 
This requires careful design and engineering of the sensor materials and operating parameters. Gas 
sensing applications of binary metal oxides have been an area of significant interest due to their high 
sensitivity, low cost, and stability. Binary metal oxides have shown promising results in detecting 
various reducing and oxidising gases, such as LPG, NH4, CO, NOx, H2S, and VOCs. These metal 
oxides exhibit semiconducting properties, and their conductance changes when exposed to different 
gases, enabling their use in gas sensing applications. The future prospects for gas sensing applications 
of binary metal oxides are promising, with ongoing research focused on enhancing their selectivity, 
sensitivity, response time, and stability. Integration with advanced technologies such as 
nanomaterials, nanocomposites, and functionalization with noble metals or other catalytic materials is 
expected to further improve the performance of binary metal oxide gas sensors. Additionally, the 
development of miniaturised and portable gas sensors for environmental monitoring, industrial 
safety, and healthcare applications is a growing area of interest. This review points out the 
shortcomings of the existing work on binary metal oxides. The main aim of the current review article 
is to provide brief information on applications and methods of preparation of binary metal oxides. 
 
Keywords: binary metal oxides, noble metals, gas sensing, nanomaterials, environmental monitoring. 
 
1.  Introduction 
 Air pollution poses significant threats to both human health and the environment [1]. It results from 
the release of various pollutants, such as particulate matter, carbon monoxide, sulfur dioxide, and nitrogen 
dioxide, into the atmosphere. These pollutants can cause respiratory issues, heart diseases, and even 
premature death in humans [1, 2]. Moreover, air pollution contributes to climate change, acid rain, and the 
depletion of the ozone layer, which in turn affects ecosystems, agriculture, and wildlife. To mitigate these 
impacts, it is crucial to implement stricter emission standards, promote clean energy, and encourage 
responsible practices in industries and households [3, 4]. Gas sensors play a crucial role in addressing 
several vital needs across various sectors, driven by the growing emphasis on safety, environmental 
monitoring, and industrial processes [5, 6]. In industrial area, gas sensors are essential for monitoring and 
detecting hazardous gases, such as hydrogen sulfide, carbon monoxide, ammonia, and volatile organic 
compounds. Early detection and alarm systems based on gas sensors are critical for ensuring the safety of 
workers and preventing potential gas-related accidents. Gas sensors are employed for environmental 
monitoring in both indoor and outdoor environments. They are used to detect and measure levels of 
pollutants, including carbon dioxide, nitrogen oxides, sulfur dioxide, and volatile organic compounds, to 
assess air quality and ensure compliance with environmental regulations [7, 8]. The need for gas sensors is 
evident in protecting human health, ensuring workplace safety, meeting environmental regulations, and 
enhancing the efficiency of industrial processes [8, 9]. 
 Metal oxide gas sensors have garnered significant attention for their diverse applications in gas 
detection and environmental monitoring [10]. These sensors utilize the semiconducting properties of metal 
oxides to detect and quantify the presence of specific gases. Metal oxides are utilized in gas sensing 
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applications for detecting harmful gases such as carbon monoxide, nitrogen oxides, and volatile organic 
compounds. Their semiconducting properties enable the development of gas sensors for environmental 
monitoring, industrial safety, and automotive applications [10, 11]. Metal oxide gas sensors operate based 
on the principle of changes in electrical conductivity when exposed to target gases. Adsorption of gas 
molecules on the surface of the metal oxide alters its conductivity, leading to a measurable change in 
resistance. This change is then correlated to the concentration of the target gas [11]. 
 Binary metal oxide (BMO) gas sensors refer to a specific type of gas sensor that utilizes a 
combination of two different metal oxide materials as the sensing element [12]. These sensors are primarily 
used for detecting and analyzing various gases in the environment. In a binary metal oxide gas sensor, the 
two metal oxides are mixed together, creating a heterogeneous mixture. This combination aims to improve 
the overall performance of the sensor by exploiting the synergistic effects between the two metal oxides [12, 
13]. These effects can lead to enhanced selectivity, sensitivity, and stability in detecting specific target 
gases. The combination of these materials can result in improved gas sensing capabilities, making binary 
metal oxide gas sensors a valuable tool in various industries, such as environmental monitoring, industrial 
safety, and air quality control [13, 14]. The inadequacies of the previous research on binary metal oxides are 
highlighted in this study. The primary goal of this present article is to give a quick overview of the uses and 
preparation techniques for binary metal oxides. 
 
2.  Synthesis methods for Binary Metal Oxide gas sensors 
 
 The binary metal oxides are synthesised using various methods such as physical, chemical and 
biological [15-17]. Many methods are reported for the preparation or synthesis of binary metal oxide gas 
sensors. Fig. 1 reveals the methods adopted for synthesis of binary metal oxides for application of gas 
sensors. 

 
Figure 1: Synthesis methods of binary metal oxide gas sensors 

 
2.1 Sol-gel method: This technique involves the formation of a sol (a colloidal suspension) by mixing metal 
alkoxides or metal salts with a solvent. The sol is then transformed into a gel through a hydrolysis and 
condensation process. The gel is dried and calcined at high temperatures to obtain the desired binary metal 
oxide. The sol-gel method allows for precise control over the composition, morphology, and particle size of 
the final product [18, 19]. 
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2.2 Co-precipitation method: In this method, metal salts are dissolved in a solution containing a 
precipitating agent, such as ammonia or sodium hydroxide. The reaction between the metal ions and the 
precipitating agent leads to the formation of a binary metal oxide precipitate. The precipitate is then washed, 
dried, and calcined to obtain the final product. This method is suitable for producing binary metal oxides 
with a wide range of compositions [19, 20]. 
2.3 Hydrothermal and solvothermal synthesis: These methods involve the reaction of metal precursors in 
a high-temperature, high-pressure aqueous or non-aqueous solution, respectively. The reaction takes place 
in a closed, temperature-controlled autoclave. The binary metal oxide product forms as a result of the 
controlled crystallization process. Hydrothermal and solvothermal synthesis can produce binary metal 
oxides with well-defined structures and controlled particle sizes [21, 22]. 
2.4 Chemical vapor deposition (CVD): These techniques involve the deposition of binary metal oxide thin 
films on a substrate by introducing metal precursors in the gas phase. CVD uses chemical reactions between 
the precursors and the substrate [21]. 
2.5 Physical vapor deposition (PVD): PVD relies on physical processes like sputtering or evaporation. 
These methods are suitable for producing thin-film binary metal oxide gas sensors with controlled thickness 
and composition [22]. 
2.6 Microwave-assisted synthesis: In this method, binary metal oxide materials are synthesized using 
microwave radiation as the heat source. Microwave-assisted synthesis can lead to rapid and uniform heating 
of the reaction mixture, resulting in shorter synthesis times and improved control over the final product's 
properties [22, 23]. 
 
3.  Factors affecting the gas sensing performance of the binary metal oxide gas sensors  
 Several factors influence the gas sensing performance of binary metal oxide gas sensors. These 
factors can affect the sensitivity, selectivity, response time, and stability of the sensors [24]. Some key 
factors are shown in Fig. 2.  

 
Figure 2: Factors influence the gas sensing performance of binary metal oxide gas sensors 

 
3.1 Material composition: The choice of metal oxides and their proportions in the binary mixture play a 
significant role in determining the gas sensing properties. The combination of two metal oxides can lead to 
synergistic effects, which can improve the overall performance of the sensor. 
3.2 Particle size and morphology: The size and shape of the binary metal oxide particles can impact the 
sensor's response to target gases. Smaller particles typically exhibit higher surface area, leading to increased 
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sensitivity. Additionally, the morphology of the particles can affect the gas diffusion and adsorption process, 
which in turn influences the sensor's performance. 
3.3 Surface area: A higher surface area allows for more active sites on the sensor's surface, resulting in 
improved sensitivity to target gases. The surface area can be influenced by factors such as particle size, 
porosity, and agglomeration. 
3.4 Crystal structure and defects: The crystal structure and the presence of defects within the binary metal 
oxide material can impact the gas sensing properties. Defects can act as active sites for gas adsorption and 
interaction, which can enhance the sensor's sensitivity and selectivity. 
3.5 Operating temperature: The temperature at which the sensor operates can significantly affect its 
performance. Higher temperatures generally lead to increased sensitivity and response speed, but they can 
also cause sensor degradation over time. Optimizing the operating temperature is crucial for achieving the 
best gas sensing performance. 
3.6 Sensor fabrication and processing techniques: The methods used for synthesizing and processing the 
binary metal oxide material can influence the gas sensing properties. Factors such as the presence of 
impurities, grain size, and the uniformity of the film or particle distribution can impact the sensor's 
performance. 
3.7 Gas concentration and humidity: The concentration of the target gas and the presence of humidity in 
the environment can affect the sensor's response. Some binary metal oxide sensors may be more sensitive to 
humidity, leading to potential cross-sensitivity and interference in the gas detection process. 
3.8 Sensor design and integration: The design of the sensor, including the choice of transducer and the 
integration of the binary metal oxide layer, can also impact its gas sensing performance. Proper design and 
integration can help optimize the sensor's sensitivity, selectivity, response time, and stability. 
 
4. Literature Survey: 
 In 1953, Brattain and Bardeen conducted the first research of the semiconductor material group on 
germanium (Ge). Heiland's research report on metal oxides' gas sensitivities was published in 1954. 
Seiyama's work from 1962 demonstrated that ZnO structures were susceptible to airborne reactive gases 
[24]. 1968 saw the introduction of Taguchi-type sensors to the marketplace and the industrialization of 
tin oxide gas sensors. Presently, real-time gas sensors that use chemiresistive metal oxide semiconductors 
have become increasingly important in both science and industry because of their high sensitivity to 
chemical environments, affordability, ease of implantation, safety, and durability at high temperatures and 
high pressures all of which indicate compelling conditions [25, 26]. One major issue with metal oxide gas 
sensors is gas selectivity. In recent investigations, it has been suggested to adopt a heating mode of a gas-
sensing floor with continuous temperature modification to boost the selectivity of metal oxide sensors. 
Researchers stated that, by choosing the metal oxide material to have specific surface properties that 
enhance selectivity to the target gas [28, 29]. This can involve modifying the metal oxide composition or 
doping it with other elements. Also modifying the surface of the metal oxide with functional groups or 
coatings that selectively interact with the target gas [29, 30]. This can enhance the sensitivity and selectivity 
of the sensor. Adjusting the operating conditions such as temperature, humidity, and gas flow rate can 
improve the selectivity of the sensor to specific gases. Implementing these strategies can help mitigate the 
gas selectivity problem in metal oxide semiconductor gas sensors, improving their accuracy and reliability 
in gas detection applications [30, 31]. Hence now a days researchers are focused on the work on binary 
metal oxides sensors because binary metal oxides are exhibit tunable properties based on the composition 
ratio of the two metals. This allows for fine-tuning of the sensor's response to specific gases, improving 
selectivity. The combination of two different metal oxides can result in synergistic effects, where the 
properties of the binary oxide are different from the individual components [32, 33]. This can lead to 
improved sensitivity and selectivity. It offer a promising avenue for enhancing the sensitivity and selectivity 
of gas sensors, making them valuable for various industrial, environmental, and healthcare applications. 
 
5. Conclusion and future scope 
 Binary metal oxides, are compounds composed of two different metal cations bonded to oxygen, 
have garnered significant interest due to their diverse properties and potential applications. Drawing 
conclusions about these materials involves considering their current applications, ongoing research trends, 
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and potential future directions. BMO hold great promise for a wide range of applications, and ongoing 
research efforts aimed at understanding their properties and behavior will likely lead to further 
advancements and practical implementations in various fields. Efforts to integrate BMO into practical 
devices, such as batteries, sensors, and catalytic reactors, will drive their commercialization and real-world 
impact. 
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Abstract 
The study of electrical and gas-sensing properties of Cadmium Sulfide (CdS) thick films is crucial for 
understanding their potential applications in gas sensing technologies. CdS is a wide bandgap 
semiconductor material that exhibits a unique property called photo-conductivity, which means its 
electrical conductivity changes in response to light or gas exposure. This property makes CdS a 
promising candidate for gas sensing applications. In the present research work author investigated 
the electrical and gas sensing properties of CdS thick films developed by screen printing method. The 
electrical and gas sensing properties were investigated using static electric and gas sensing system. 
The resistivity of the films was studied using half bridge method. The resistivity, TCR and activation 
energy of films were found to be 509575 Ω.m, -0.00233 /°C and 0.1067 eV respectively. A film shows 
maximum gas response to the NO2 gas at operating temperature 120 oC. The maximum sensitivity 
was found to be 73.68 %. The films exhibit quick response and recovery time.  
 
Keywords: Thick films, Cadmium Sulfide, gas sensors, air pollution, photoconductive. 
 
1. Introduction: 
 Air pollution refers to the presence of contaminants and excessive amounts of certain substances in 
the Earth's atmosphere. These contaminants can originate from both natural sources, such as volcanic 
eruptions and wildfires, and human activities, including industrial processes, transportation, and energy 
production [1, 2]. Air pollution can have severe consequences on public health, climate change, and 
ecosystems. Some major components of air pollution include particulate matter (PM), ground-level ozone, 
nitrogen oxides (NOx), sulfur dioxide (SO2), carbon monoxide (CO), and volatile organic compounds 
(VOCs). These pollutants can lead to respiratory and cardiovascular diseases, premature death, and other 
health issues when inhaled by humans [1-3]. Nitrogen dioxide (NO2) is a significant air pollutant and a 
major component of photochemical smog. It is primarily produced by combustion processes, such as those 
occurring in vehicles, power plants, and industrial facilities. The presence of NO2 in the atmosphere can 
have various detrimental effects on human health, the environment, and materials [4, 5]. Prolonged exposure 
to NO2 is lead to respiratory problems, aggravate existing respiratory and cardiovascular diseases, and cause 
premature death. It can irritate the airways, lungs, and eyes, leading to symptoms like coughing, wheezing, 
and shortness of breath. Children, the elderly, and people with pre-existing health conditions are particularly 
vulnerable to the effects of NO2 [5, 6]. 
 Metal sulfides, being a class of semiconductor materials, have been extensively researched and 
utilized in the development of gas sensors [7]. These sensors function based on the interaction between the 
metal sulfide material and the target gas molecules. When gas molecules adsorb onto the metal sulfide 
surface, it causes a change in the material's electrical properties, such as resistance or capacitance. This 
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change can then be measured and translated into a detectable signal, allowing for the identification and 
quantification of the gas present. Metal sulfide-based gas sensors have been applied to detect various gases, 
including oxidizing and reducing gases, offering potential for use in air quality monitoring, industrial safety, 
and environmental applications [7, 8]. Cadmium Sulfide (CdS) is a chemical compound commonly used in 
various applications due to its unique properties. It is a semiconductor material with a wide bandgap, which 
makes it suitable for photoconductive and photovoltaic devices [9]. Additionally, CdS has been employed in 
the production of red light-emitting diodes (LEDs) and as a pigment in the past, although its use as a 
pigment has been largely replaced by safer alternatives due to health and environmental concerns [9- 11].  
 Screen printing is a widely used technique for depositing thick films on various substrates, including 
those employed in gas sensor fabrication [12]. This method offers several advantages, such as cost-
effectiveness, high throughput, and the ability to produce complex patterns. When it comes to creating thick 
films for gas sensors, screen printing can be particularly useful for depositing conductive inks or pastes that 
respond to specific gas concentrations [13, 14]. The major aim of the current research work is to study the 
electrical and gas sensing properties of CdS thick films developed by screen printing method. 
  
2. Materials and methods 
 The commercially avilable CdS nanopowder purchased from sigma enterprises, Nashik was used for 
the development of thick films. The films were developed on glass substrate by screen printing method. The 
inorganic and organic materials 70:30% ratio was used to develop pure CdS thick films [15]. The inorganic 
material consists of CdS nanopowder while organic materials including butyl carbitol acetate and ethyl 
cellulose. Fig. 1 reveals the schematic diagram of development of thick films using screen printing method. 

 
Figure 1: Steps of development of CdS thick films using screen printing method 

 
3. Result and discussion  
 The half-bridge circuit configuration is a widely used method for electrical characterization, 
particularly for measuring resistance, inductance, and capacitance in various electronic components and 
circuits. It offers several advantages, such as simplicity, high accuracy, and the ability to handle high 
voltages and currents. The schematic diagram of half-bridge circuit configuration is shown in Fig. 2 [15, 
16]. Resistivity of thick films refers to the measure of a material's resistance to the flow of electric current 
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when formed into a film with a significant thickness. The resistivity of thick films is an essential parameter 
for various applications, such as conductive inks, coatings, and printed electronic devices, including gas 
sensors, flexible displays, and RFID tags. Resistivity (ρ) is a fundamental property of a material and is 
defined as the resistance (R) per unit length (L) of a conductor with a uniform cross-sectional area (A). The 
relationship between these parameters can be expressed by the formula (Eq. 1).  

   ρ = R × A / L           (1) 
Where, ρ= Resistivity, R= resistance at room temperature, L= length and A= area of film 

 
Figure 2: Schematic of a half-bridge circuit 

  
Fig. 3 shows the resistance verses temperature plot of CdS thick films. It has been observed that from Fig. 3 
the resistance of the films is decline as ambient temperature is increased [17, 18]. This type of nature of 
graph indicating semiconducting nature of the film. The resistance of the film decreased due to increase the 
mobility of carrier concentration as heat increases. 

 
Figure 3: Resistance verses temperature plot of CdS thick films 

  
Activation energy of thick films is a crucial parameter in gas sensing applications, as it significantly affects 
the performance and reliability of the sensors [18, 19]. The activation energy refers to the minimum amount 
of energy required for a chemical reaction to occur. In the context of gas sensing, it is crucial for 
understanding the interaction between the thick film and the target gas molecules. It is crucial for gas 
sensing applications, as it influences the sensitivity, selectivity, response time, stability, temperature 
dependence, and data interpretation of the gas sensor [20, 21]. By optimizing the activation energy and 
understanding its impact on the gas sensing process, one can enhance the overall effectiveness of gas 
sensors. The Arrhenius equation is a mathematical model that relates the rate of a reaction to the 
temperature at which it occurs. The activation energy is calculated by measuring the rate constant (k) at 
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different temperatures (T) and using the known pre-exponential factor (A) for a specific reaction. The 

Arrhenius equation is presented in Eq. 2.     ∆� = ��� ����  ��  × ��   

  (2) 
 Where, ΔE = Activation energy, R = Resistance at elevated temperature, R0 = Resistance at room 
temperature. Fig. 4 reveals the plot of log Rc vs. 1/T of CdS thick films. By employing Arrhenius equation 
(Eq.2) the activation energy was estimated. The activation energy for CdS thick films was found to be 
0.14580 eV and 0.10679 eV at higher and lower temperature regions respectively.  

 
Figure 4: Arrhenius plot of log Rc vs. 1/T of CdS thick films 

  
The Temperature Coefficient of Resistance (TCR) of thick films is indeed important for gas sensing 
applications. TCR is a measure of how much a material's electrical resistance changes with a change in 
temperature [15, 21]. In the context of gas sensing, it plays a significant role in determining the performance 
and reliability of the gas sensor. The TCR of the thick film material influences the sensitivity of the gas 
sensor. As the temperature of the thick film changes, its resistance also varies, which in turn affects the 
electrical signal generated by the sensor. A higher TCR can lead to a more significant change in resistance 
with temperature, potentially increasing the sensitivity of the gas sensor towards the target gas. The TCR of 
films was estimated using Eq. 3 and it was found to be -0.00233 /°C.    

      C
T
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o

/
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=      (3)  

Where, ∆R = change in resistance, ∆T = temperature difference between T1 and T2 and Ro = Resistance of the 
film sample at room temperature. 
Gas sensor sensitivity refers to the ability of a gas sensor to detect and respond to changes in the 
concentration of a particular gas. It is affected by factors such as relative humidity, temperature, response 
time, and time of exposure to the gas. The sensitivity of the films was estimated using Eq. 4. sensitivity 
(S%) is defined as ratio of change in resistance in air to the change in resistance in presence of gas for 
reducing gases and for oxidizing ratio of change in resistance in air to the change in resistance in presence 
of gas [15, 16]. 

  Sensitivity (%) =Ra/Rg or Rg/Ra × 100    (4) 
Where, Ra stands for the resistance of gas sensors in the reference gas (usually the air) and Rg stands for the 
resistance in the reference gas containing target gases. 
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 Gas sensors can have different levels of sensitivity depending on the type of sensor and the gas being 
detected [19]. Fig. 5 reveals the sensitivity versus temperature plot of CdS thick films. From Fig. 5, the CdS 
thick films shows more sensitivity to NO2 gas compare to other selected. The maximum sensitivity was 
found to be 73.68% at operating temperature 120 °C and the gas concentration was 1000 ppm. The CdS 
thick film sensors work by detecting the presence and concentration of various gases in the air using 
physical or chemical reactions to convert the concentration of gases into electrical signals [18, 21]. The gas 
molecules react with the sensing material in the sensor, causing a change in its electrical conductivity or 
potential, which is then measured and converted into a signal [19, 20].  

 
Figure 5: Sensitivity versus temperature plot of CdS thick films 

  
Selectivity in gas sensors refers to the ability of a sensor to specifically recognize and respond to a single 
target gas species without significant responses to other interfering substances present in the environment 
[21, 21]. Enhancing selectivity is essential for accurate measurements and reliable operation of gas sensors, 
especially in complex atmospheres containing multiple gases. Fig. 6 shows the selectivity plot of CdS thick 
films to selected gases. 

 
Figure 6: Selectivity graph of CdS thick films 
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 The response time of a gas sensor is the time it takes for the sensor to register a change in the 
presence of a gas, typically from 10% to 90% of the overall signal change. It is an important parameter as it 
determines how quickly the sensor can detect the presence of a gas. The recovery time, on the other hand, is 
the time it takes for the sensor to return to its initial state after being exposed to a gas. This is crucial for 
ensuring that the sensor is ready to detect a new gas concentration [19, 20]. Both response and recovery 
times are essential for the effective operation of gas sensors, with faster times being generally more 
desirable. The response and recovery times can be influenced by various factors such as the sensor material, 
temperature, and experimental setup [20, 21]. Fig. 7 display the response and recovery time plot of CdS 
thick films to NO2 gas. The response and recovery time was found to be 12 and 65 seconds respectively to 
the CdS films. 
 

 
Figure 7: Response and recovery time plot of CdS thick films to NO2 gas 

  
The Gas sensing mechanism of CdS thick films to NO2 gas involved chemosensor principle [21]. When NO₂ 
molecules adsorb onto the CdS surface, capturing free electrons from the conduction band (CB). As NO₂ 
adsorbs onto the CdS surface, the number of free electrons in the CB decreases, leading to an increase in 
resistance and change in resistance is recorded as sensitivity or gas response of the film [22, 23]. 
 
Conclusions and future scope: 
 The thick film gas sensing applications span across various industries and sectors, playing a vital 
role in maintaining environmental quality, ensuring industrial and domestic safety, optimizing processes, 
and improving overall efficiency. The versatility and cost-effectiveness of thick film gas sensors make them 
an indispensable tool for gas detection and monitoring. The CdS thick films were successfully prepared on 
glass substrate by using screen-printing technique. Prepared films shows semiconducting nature with 
negative TCR. Films shows maximum sensitivity to NO2 gas at operating temperature 120 °C. Prepared 
films could be used of the fabrication of NO2 gas sensor.    
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Abstract. A statistical convergence was introduced in connection with prob-
lems of series of functions. The concept of statistical convergence is directly

connected to convergence of such statistical characteristics as the mean and
standard deviation.In this paper we introduce a uniform statistical convergence

for series of real valued functions. Also examine the validity of some theorems
on Uniform convergence of series of real valued functions and uniform statis-
tical convergence of series of real valued functions.
Keywords: Series of functions, Uniform Convergence,Statistical Convergence,
Uniform Statistical Convergence.

1. Introduction

The idea of statistical convergence was given by [1], Fast [2] and Steinhaus [3] and
also by Zygmund [4] in his monograph published in Warsaw in 1935. Later on, under
the different names statistical convergence has been applied in the theory of Fourier
analysis, ergodic theory, number theory [4], measure theory [5], trigonometric series
[[4],[6]] and Banach space [7]. Tripathy [8] introduce a notation of convergence of
series extended and statistically convergence series. Also in [9] the concept of a
uniform statistical Cauchy sequence for functional sequences and proved that it is
equivalent to uniform statistical convergence of sequence of functions. Ahire [10]
discuss on statistical and uniform statistical convergence of sequences of functions.
Salat [11] investigated sequence space point of view and linked with summability
theory . Some results in Goldberg [12] helps to prove new results. [13] focused on
integrability of functions and related summability. The statistical convergence of
the partial sums of the series was introduced by [14]. Dindos and et. al. [15] noticed
on infinite series in linear normed space. Cinar [16]studied on uniform statistical
convergence. In [17] Gokhan et.al. discussed equivalences of pointwise statistically
convergent and statistically Cauchy of the sequence of functions on a set.
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2. Preliminaries

In this section,we recall the definitions that will be needed in this paper.

2.1. Definition. A subset A of the ordered set N of natural numbers is said to
have density d(A). If lim

n→∞

|An|
n

= A, where, A(n) = k < n : k ∈ A and | A | denotes

the cardinality of the set A ⊂ N .

Clearly finite subset of N have zero density and d(A′) = 1−d(A) where d(A′) =
N −A. If a property P (k) holds for all k ∈ A with d(A) = 1. We say that P holds
for almost all k, i.e. a.a.k.

2.2. Definition. A sequence of functions {fk} is statistically convergent to f on
a set M of real numbers.If for every ε > 0 lim

n→∞

1

n

[

{k ≤ n :| fk(x) − f(x) |≥

ε, for every x ∈ M}
]

= 0,

i.e. for all x ∈ M, | fk(x)− f(x) |< ε, a.a.k. (2.1)

In this case, we write st− lim fk(x) = f(x) uniformly on M . Or

fk
st
→ f .

2.3. Definition. If u1, u2, . . . are real valued functions on a set M of real numbers.

The
∞
∑

n=1

un statistically converges to f on M , if the sequence of functions {sn}
∞
n=1

statistically converges to f on M where sn = u1 + u2 + · · ·+ un.

We write as
∞
∑

n=1

un = f statistically, (x ∈ M).

Example 1: For un(x) = xn, (−1 < x < 1) then
∞
∑

n=1

un(x) =
∞
∑

n=1

xn statistically

converges to f(x) = 1

1−x
, (−1 < x < 1).

2.4. Definition. If u1, u2, . . . are real valued functions on a set M of real numbers.

We say that
∞
∑

n=1

un converges uniformly to f on M , if {sn}
∞
n=1 where sn = u1 +

u2 + · · ·+ un converges uniformly to f on M .

In this case we write
∞
∑

n=1

un = f uniformly, (x ∈ M).

2.5. Defiinition. If u1, u2, . . . are real valued functions on a setM of real numbers.

We say that
∞
∑

n=1

un uniform statistically convergent to f on M , if {sn}
∞
n=1 uniform

statistically convergent to f on M , where sn = u1 + u2 + · · ·+ un .

In this case we write
∞
∑

n=1

un = f uniform statistically , (x ∈ M).

Lemma 2.1. (Theorem 3.1[10]) Let {fk} be a sequence of real valued functions

defined on a metric space M which is uniformly statistically convergent to function
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f on M . If each fk, (k ∈ I) is continuous at a ∈ M . Then f is also continuous

at a.

Lemma 2.2. (Theorem 2.2[17]) Let {fk} be a sequence of functions defined on a

set S. The following statements are equivalent.

i) {fk} is a pointwise statistically convergent sequence on S.

ii) {fk} is a statistically Cauchy sequence on S.

Lemma 2.3. (Theorm 3.2 [9]) Let {fk} be a sequence of functions defined on a set

S. The following statements are equivalent.

i) {fk} is a uniformly statistically convergent sequence on S.

ii) {fk}is a uniformly statistically Cauchy sequence on S.

3. Some Results

Theorem 3.1. Let {fk} be a sequence of continuous real valued functions defined

on a compact on a metric space M such that

f1(x) ≤ f2(x) ≤ · · · ≤ fk(x) ≤ . . . , (x ∈ M). (3.1)

If {fk} statistically converges to f on M to the continuous function f then {fk}
uniformly statistically converges to f on M .

Proof: For each n ∈ I. Let gk = f − fk. Then from (2.1).

g1(x) ≥ g2(x) ≥ · · · ≥ gk(x) ≥ · · · ≥ 0., (x ∈ M). (3.2)

Since {fk} statistically converges to f on M .

∴ lim
k→∞

gk(x) = 0, (x ∈ M). (3.3)

Hence {gk} is statistically converges on M .

By lemma (2.2, 2.3) {gk} is uniformly statistical converges to 0 on M .

Hence {fk} uniformly statistically converges to f on M .

Theorem 3.2. Let u1, u2, . . . be real valued functions on a metric space M. If
∞
∑

n=1

un uniformly statistical converges to f on M , and if each un is continuous at

the point a ∈ M , then f is also continuous at a.

Proof: The
∞
∑

n=1

un uniformly statistical converges to f onM , hence the sequence

of functions {sn}
∞
n=1 uniformly statistical converges to f on M , where sn = u1 +

u2 + · · · + un. Now each uk is continuous at a point a ∈ M , then each sn is
continuous at a ∈ M .

Hence u1 + u2 + . . . is continuous at the point a ∈ M . Then by lemma (2.1), f
is continuous at a.

Example 2: The series
∞
∑

n=1

x(1 − x)n converges on [0, 1] to the function f where

f(0) = 0 and f(x) = 1, (0 < x ≤ 1).
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If 0 < x < 1, then
∞
∑

n=1

x(1− x)n = x
∞
∑

n=1

(1− x)nx
[ 1

1− (1− x)

]

= 1.

Now , if un(x) = x(1− x)n; (0 ≤ x ≤ 1) is continuous on [0, 1].

Since f is not continuous on [0, 1].

The
∞
∑

n=1

x(1− x)n does not uniformly statistically convergent on [0, 1].

Theorem 3.3. Let
∞
∑

k=1

uk be a series of real-valued functions on a metric space

M . If there exists positive numbers M1,M2, . . . , with
∞
∑

k=1

Mk < ∞ such that

∞
∑

k=1

uk(x) ≪
∞
∑

k=1

Mk(x), x ∈ M then
∞
∑

k=1

uk uniformly statistically convergent on

M .

Proof: Let, sn =
n
∑

k=1

uk and tn =
n
∑

k=1

Mk.

Since
∞
∑

k=1

Mk < ∞.

⇒ lim
n→∞

1

n

[

{k ≤ n :| tk(x)− t(x) |≥ ε, for every x ∈ M}
]

= 0.

Hence the sequence {tn}
∞
n=1 is statistically convergent on M .

Hence by lemma (2.2) {tn}
∞
n=1 is statistically cauchy sequence.

Thus for given ε > 0 there exists N ≥ N1 such that

lim
n→∞

1

n

[

{k ≤ n :| tm(x)− tn(x) |≥ ε, for every x ∈ M,m, n ≥ N}
]

= 0.

Now

| sm(x)− sn(x) | =

∣

∣

∣

∣

∣

m
∑

k=n+1

uk(x)

∣

∣

∣

∣

∣

≤
m
∑

k=n+1

|uk(x)| ≤
m
∑

k=n+1

Mk

= tm − tn, (x ∈ M). (3.4)

Then by (3.4) lim
n→∞

1

n

[

{k ≤ n :| sm(x) − sn(x) |≥ ε, for every x ∈ M,m, n ≥

N}
]

= 0.

i.e.sequence {sn}
∞
n=1 is uniformly statistically convergent on M .

By lemma (2.3) {sn}
∞
n=1 is uniformly statistically cauchy sequence on M .

Hence {sn}
∞
n=1 is uniformly statistically convergent sequence on M .

This means that
∞
∑

k=1

uk is uniformly statistically convergent on M .

Example 3: For a real number x the series
∞
∑

k=1

sinnx

n3
≪

∞
∑

k=1

1

n3
.

But
∞
∑

k=1

1

n3
is uniformly statistically convergent.
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Hence
∞
∑

k=1

sinnx

n3
is uniformly statistically convergent.

Theorem 3.4.

If the power series

∞
∑

k=1

akx
k statistically converges for x = x0

(3.5)

then
∞
∑

k=1

akx
k uniformly statistically convergent on [−x1, x1] where x1 is any number

such that 0 < x1 <| x0 |.

Proof: The
∞
∑

k=1

akx
k statistically convergent for x = x0 then |

∞
∑

k=1

akx
k | statis-

tically convergent for any x with | x |< x0.

In particular , if 0 < x1 <| x0 | then |
∞
∑

k=1

akx
k | statistically convergent for

x = x1,

i.e. |
∞
∑

k=1

akx
k
1 |< ∞.

Since
∞
∑

k=1

akx
k ≪

∞
∑

k=0

| ak | xk
1 ; (| x |≤ x1).

By theorem (3.3) the series (3.5) uniformly statistically convergent for | x |≤ x1.

Example 4: The series
∞
∑

k=1

xk

k
statistically converges for −1 ≤ x ≤ 1.

By theorem (3.4)
∞
∑

k=1

xk

k
uniform statistically converges for −a ≤ x ≤ a,

where any number a such that 0 < a < 1.

But series
∞
∑

k=0

xk−1

(k − 1)!
does not uniform statistically converges on (−∞,∞).

Theorem 3.5. Let
∞
∑

k=1

uk be a series of continuous nonnegative real valued func-

tions on a compact metric space M . If
∞
∑

k=1

uk statistically converges on M to the

continuous function f then
∞
∑

k=1

uk uniformly statistically converges to f on M .

Proof: For n ∈ I. sn = u1 + u2 + · · ·+ un. Since each uk(x) ≥ 0 for all x ∈ M .

We have s1(x) ≤ s2(x) ≤ s3(x) ≤ · · · ≤ sn(x) ≤ . . . , x ∈ M.

By theorem (3.1) lim
n→∞

sn = f(x), x ∈ M .

Hence the sequence {sn} uniformly statistically converges to f on M .

Therefore
∞
∑

k=1

uk uniformly statistically converges to f on M .
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Example 5: The series
∞
∑

n=1

n2x

1 + n4 + x2
is non uniformly statistical convergent in

[0, 1].

Let, un =
n2x

1 + n4 + x2
x ∈ [0, 1].

lim
n→∞

un(x) = u(x) = 0 , x ∈ [0, 1].

∴ | un(x)− u(x) |=
n2 | x |

1 + n4 + x2
< ε. (3.6)

If x =
1

n
, put ε =

1

n
then equation (3.6) does not holds.

Hence the series
∞
∑

n=1

n2x

1 + n4 + x2
is non uniformly statistical convergent in [0, 1].
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Study of Medicinal Plants of family Asteraceae of 
Nasik District (M.S.) India. 

 
Dilip Ahire 

P. G. Department of Botany, M.S.G. College Malegaon Camp, Nasik. 

 

ABSTRACT 

Present paper deals with report 22 medicinal plants collected from different localities of Nasik district. 

A portion of them have gained naturalization and are now a part of our native plants. Since ancient times, 

Vaidyas and tribal people have prepared primitive medications using various plant parts. The current study 

aims to list the medicinal plants that tribal people employ and their respective medical applications. 

Key words: Medicinal plants, family Asteraceae, Nashik 

INTRODUCTION 

The Nasik district of Maharashtra is located between latitudes 19°35’ and 20°50’ and longitude 73°55’ 

and extended an over an area of 15.582 sq. km. It is finite on the north-west by the Dang and Surat district of 

Gujarat, on the north by Dhulia district, and on the east by Jalgaon district and towards the south-west the 

Thane district. 

Medicinal plants found in Nasik region of Maharashtra are naturalized in some parts of forest along 

roadsides, dams , canals under , on hedges of fields and they are dominating to the native vegetation.  During 

exploration tour in forest found that the tribal communities and villagers are regularly using some plants for 

the purpose of medicine and so we have collected medicinal plants. A large a part of population is dominated 

by the social group inhabitants like Varlis, Mahadev Kolis, Konkanas, Bhila, Mali etc. The tribal and local 

communities cure their ailments by easy remedies. Ethnobotanical work of this region is carried out by Jain 

(1991), Ghate (1998),Ghate and Vartak (1996) ),Jain S.K (1981) and Bhattacharjee (2008).   
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MATERIAL AND METHODS 

Present studies was carried out in Nasik district in the year 2011-2012.for the study of medicinal plants 

of Nasik region. The ethnobotanical data was collected through interviews, discussions with them collected 

the data on medicinal uses also the literature available on same plants. The medicinal plants identified by using 

flora like, Flora of (Almeida 1990), Naik (1999), Lakshminarsimhan & Sharma (1991), Shah (1978),Sharma 

et al (1996). All these plants are enumerated ( 22 plants) in the following ways. 

Ageratum conyzoides  L.  

Local Name :  ‘Boradu’. 

 Herbs, erect, annual hairy, 30 cm high. Leaves ovate, less or more hairy on both sides, apex subacute. Heads 

small white or pale blue, in dense terminal, corymbs, pappus paleaceous awned or aristate little longer than 

achenes, pappus scales 5, aristate. Achenes sharpely 5-angled, black, sparsely spiculate on agnles. 

Fl. & Fr.: July-February. 

Medicinal uses : 

 Leaves are antiseptic, used for wounds, cuts. Cancer, leprosy, boils, burns and skin diseases. Roots are used 

for the treatment of kidney stones. Entire plant is used for uterine disorders, piles, ring-worm, tumwes, 

diarrhoea, scabies, sores, tumour, colic, head-ache and muscular pains. Plant is used for snake poison.  

 Blumea lacera (Burm. f.) DC.  

Local Name : ‘Borandu’. 

 Herbs, 25-80 cm high, erect, aromatic, stem grooved, glandular pubescent. Leaves obovate-oblong, incised 

or some time lyrately lobed. Achenes oblong, sparsely hairy. 

Fl. & Fr.: October-May. 

Medicinal uses : 

  Leaf juice is anthelmintic, used for thread-worms. Leaf paste is applied on burns, wounds, cuts, piles and 

urine complaints. Root juice is used as astringent and febrifuge. Root juice is used for diarrhoea. 

Blumea malcolmii Hook.f.  

Local Name : ‘Tantani’. 

Herbs 1 m high, decumbent strongly aromatic. Leaves obovate, sessile. Achene dark brown sparsely 

pubescent. 

Fl. & Fr.: October-January. 

Medicinal uses : 

Leaf juice is used for eye disease. 

Chrysanthemum indicum Linn.  

Local Name : ‘Sevanti’. 

Herbs ,perennial, stem erect. Head yellow. 

Fl. & Fr.: August- October. 

Medicinal uses : 

The decoction of whole plant used for bronchitis, whooping cough, boils, swelling and rheumatism. 
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Cichorium intybus L .  

Local Name : ‘Kasai’. 

Herbs, erect, appressed hairy with thick taproot. Lower leaves short petioled, lyrate-pinnatifid,oblong, acute 

at apex, upper ones sagittate with rounded dentate margins. Head solitary or clustered, florets blue or pink 

corollas. Achenes 5-angular. Pappus scales short. 

Fl. & Fr.:  October- March 

Medicinal uses : 

Leaf paste is applied to treat wounds and cuts.Root decoction is used for stomach pain, rheumatic,gout 

problem and jaundice . 

, Echinops echinatus Roxb.  

Local Name : ‘Udkata’ ‘Utkatkar’. 

Annual, herbs, 30-90 cm high. Leaves sessile, oblong, deeply pinnatifid, glabrous or minutely pubescent. 

Heads white, Pappus short, yellow, forming short cylindric brush above achenes. Achenes obconic. 

Fl. & Fr.: September-January. 

Medicinal uses : 

  Entire plant is considered as bitter tonic and diuretic. Plant is used to treat malaria and fever. Roots are used 

for bone-ache, skin diseases and chewed on urinal complaints. 

 Eclipta prostrata L.   

Local Name :  ‘Maka’. 

 Herbs, annual, prostrate or erect. Leaves sessile, oblong-lanceolate or oblong-elliptic, sparsely strigose on 

both surfaces. Heads solitary or 2 together on unequal axillary peduncles yellow. Achenes oblong-obovate 

tubercled all over, trigonous, brown to black. 

Fl. & Fr.: July-February. 

Medicinal uses : 

  Leaf juice is used for tonic, juice is considered as antiseptic, used on carbuncle, fever, malaria, gastric 

complaint, cure skin diseases, promotes hair growth, sores and swelling of ears. Root decoction is used as 

emetic and purgative. Root paste is applied to treat ulcers and wounds. Entire plant is used for bronchitis, 

asthma, jaundice, liver complaint, leucoderma, toothache, hepatic diseases, ulcers and wounds.  

 Elephantopus scabra L. 

Local Name :   

 Annual, herbs, 20-30 cm high, erect, softly pubescenet. Leaves mostly radical, obovate-oblong, few cauline. 

Heads arranged in terminal dichotomous cymes, flowers bluish. Pappus 5, paleaceous, scaly produced in to a 

fine aristae. Achenes oblong, ribbed, tapering at base, hairy in between ribs. 

Fl. & Fr.: August-January. 

Medicinal uses : 

 Leaf juice is applied to wounds and heal fresh cuts. Leaves are also eczema and ulcers. Decoction of root is 

used for dysentery, vomiting and stomach. Root paste is also used for painful urination.  
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Emilia sonchifolia (L.) DC.  

Local Name : ‘Dhamapan’. 

 Herbs, erect. Leaves variable, lower with petioles, lyrate-pinnatifid, cauline. Heads in terminal lax corymbose 

panicles, with purplish flowers. Pappus copious white. Achenes narrow 5-ribbed, brown, scabrid on ribs. 

Fl. & Fr.: August-December. 

Medicinal uses : 

 Leaf juice is used on sore eye, night blindness and ears. Leaves are used for boils, bruises. Roots are used for 

diarrhoea, cuts and wounds. 

Guizotia abyssinica (L.f.) Cass.  

Local Name : ‘Khursani’ 

Herbs, stout, erect 30 -100 cm high. Leaves  lanceolate, apex acute, base cordate sparsely hairy on both sides. 

Heads solitary on axillary peduncles.  Achenes black 4 -angled oblong. 

Fl. & Fr.: September- October 

Medicinal uses: 

Seeds are used in the treatment of rheumatism, cough and burn. 

Helianthus annuus Linn.  

Local Name : ‘Suryaphool’. 

Erect, woody annuals,1-3 m high, stem hispid, branched. Lower leaves opposite, upper alternate ovate, acute 

apex. Heads solitary, terminal on short peduncles. Involucral bracts strongly ciliate, florets with ligulate 

yellow corollas, central florets with tubular 5-fid, brownish-purple corollas. Achene black. SPappus of 2 scale 

like awns. 

Fl. & Fr.: September-December. 

Medicinal uses: 

Leaves are used for maerial fever.Roots are  used for diarrhoea, dysentery and dysentery. 

Lagascea mollis Cav.  

Local Name : ‘Phulari’. 

Herbs, annual, slender laxly branched, villous. Leaves ovate, apex acute, upper surface coarsely hairy, lower 

surface densely silky. Heads clustered at the end of branches on long peduncles. Pappus as a short fimbriate 

tuft. Achenes cuneate, enclosed within involucre. 

Fl. & Fr.: July- October 

Medicinal uses: 

Leaf paste applied on cuts and wounds. Extract of flower heads is applied around eyes for conjunctivitis. 

Parthenium hysterophous Linn.  

Local Name : ‘Congress grass’. 

Herbs, 30-60 cm high. Leaves appressed hairy. Heads 0.2 cm in diameter, peduncled, in panicles. Flowers 

white. Achenes compressed, triquetrous. 

Fl. & Fr.: September-November 
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Medicinal uses: 

The flowers and seeds are used for leucoderma.It is also useful to dysentery,malaria, diarrhoea and rheumatic 

pain. 

 Sonchus oleraceus L.  

Local Name :  ‘Mhatara’. 

Fl. & Fr.: December-February 

 Herbs, annual, 90 cm high, erect. leaves sessile, oblong or obovate. Heads yellow in terminal umbellate 

cymes. Achenes ovoid. 

Fl. & Fr.: September-may. 

Medicinal uses : 

 Leaves are used for cuts and injuries. Roots and leaves are used in indigestion and as febrifuge. Stem are 

prescribed as sedative as tonic. An ointment made from decoction of root is used for wounds and ulcers. 

 Sphaeranthus indicus L.  

Local Name :  ‘Gorakhmun’, ‘Mudi’. 

 Herbs, highly branchedl spreading. Leaves obovate-oblong,l glandular-hairy narrow at base. Heads on 

solitary glandulary peduncles. Achenes stalked. 

Fl. & Fr.: November-may. 

Medicinal uses : 

 Leaf paste is given to treat elephantiasis. Leaf decoction is used for leucorrhea. Plat juice is used for treat 

gastric problems and liver. Whole plant paste is used for the small pox infected areas. Root decoction is used 

for chest pain, bowel complaints and cough.  

Spilanthus calva DC 

Local Name : ‘Akkalkara’. 

Herbs, suberect. Leaves opposite ovate apex acute. Heads solitary, yellow brownish ovoid. Achenes 

compressed. 

Fl. & Fr.: October-January. 

Medicinal uses : 

 Leaves are used as anaesthetic, used in tooth-ache and scabies. Root is used as purgative. Roots are used for 

diarrhoea, cough and cold. Decoction of plant is given as diuretic, and employed as a bath for rheumatism. 

Flowers are chewed to relieve tooth-ache, throat and gums and paralysis of tongue. Entire plan is used in 

dysentery. 

Tagetes erecta Linn.  

Local Name :  ‘Zendu’. 

Herbs 0.5-1.2 m high erect annual. Leaves opposite or upper alternate, pinnately divided in to lanceolate. 

Heads solitary. Marginal florets with yellow ligules, central florets with yellow, tubular corollas. Achenes 

linear-oblong. Pappus scale united. 

Fl. & Fr.: Throughout year. 
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Medicinal uses : 

Leaf juice is useful on ear-ache and leaves are also used on urine complaints, cuts and wounds. Flowers are 

used on ulcers. 

Tridax procumbens L.  

Local Name :  ‘Dagadipala’. 

Annual, herb, erect, branched at base. Leaves opposite, ovate-lanceolate, margins serrate to coarsely incised 

dentate or trilobed. Heads hetrogamous, produced on erect, retrorsely hirsute and glandular peduncles, 

rayflorets yellow or white, disc floret bright yellow. Pappus of numerous aristate bristles. Achenes oblong, 

densely pilose, black. 

Fl. & Fr.: Throughout the year. 

Medicinal uses : 

 Leaves are antiseptic, used on boils, blisters, eczema, dysentery, diarrhoea, eye diseases, leprosy. Bronchitis, 

skin diseases sores, stomach-ache, tooth-ache, cuts and wounds. Roots are used for fever. Stem and leaf 

combination used for stone in urinary bladder. 

Vicoa indica DC. 

Local Name :  ‘Bhangser’.\ 

Herbs, perennial, erect, 90 cm high. Leaves sessile, linear-lanceolate. Heads yellow slender peduncles. Pappus 

of disc florets scanty.. Achene brown, sparsely hairy. 

Fl. & Fr.: December-February 

Medicinal uses : 

Leaves and roots together are used on head-ache and stomach complaints. 

Vernonia cinerea (L.) Less. 

Local Name :  ‘Sahadevi’. 

Herbs, 30-50 cm high, erect. Leaves petaloid, broadly elliptic or lanceolate, pubescent on both surfaces, obtuse 

or acute at apex. Heads terminal or axillary corymbose cyme pink. Outer pappus small, connate at base inner 

longer than achenes, plumose. Achenes oblong terete. 

Fl. & Fr.: July-February. 

Medicinal uses : 

 Leaf juice is used to treat elephantiasis. Leaf paste is applied to treat ring worm diseased on skin, eczema, 

herpes and to stop bleeding from cuts. Flowers are used for rheumatism and fever Root is used as anthelmintic 

and its decoction is used as to treat diarrhoea and stomachic. 

Wedelia chinensis (Osbeck) Merr. 

Local Name :  ‘Bhanra.’ 

Herbs, procumbent.Leaves oblanceolate,  shortly appressed hispid on both surfaces, acute at apex. Heads  

yellow, solitary on terminal peduncles. Achenes rugulose, dark brown, achenes of ray florets triquetrous, disc 

florets compressed. 

Fl. & Fr.: Throughout the year. 
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Medicinal uses : 

Leaf  juice to given to treat jaundice, skin diseases, bile and liver problem. Decoction of plant is given to treat 

menorrhagia and hemorrhage. 

 Xanthium indicum L  

 Local Name : ‘Shankeshvar’. 

 Annual, herbs, stem rough, short hairs. Leaves broadly ovate, triangular appressed hairy. Heads green in 

terminal and axillary spikes. Fruits ellipsoid or oblong, pale yellow or dark brown. Achenes black. 

Fl. & Fr.: January-May. 

Medicinal uses : 

 Leaves are used on malaria, herpes, against ring worm. Roots are used for boils, abscesses and ulcers. Roots 

are bitter tonic and used for cancer and scrofula. Decoction of herbs is used in leucorrhea, urinary diseases 

and chronic malaria. Seed oil is used for rheumatism. Seeds are also used for cancer and eye diseases. 

 

RESULTS AND DISCUSSION 

Many of the rural and tribal people are using herbal medicine for their primary health cure. The information 

collected indicates that in all 22 plants are traditionally utilized for treatment of various kinds of diseases such 

as piles rheumatism dysentery etc. So the tribals can be used the traditional medicine and they are benefited. 

Therefore there is an urgent need for ethnobotanist to direct their efforts immediately to gather information 

regarding medicine plants. 
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1. INTRODUCTION:   
Phytosociological studies deal with qualitative study of the structure of the vegetation with an emphasis on 

quantitative relationship of few species which are to be dominant on the belief that these largely control the community 
and there by occurrence of a large number of a rare species. As author aware, their detailed account on the 
phytosociology of Chotadeupur forests, ( Shah, Yadav and Parabia, 1979): Pachamahalas ( Shah and Bhatt, 1980) Dangs 
forests ( Yadav, 1979): From Maharashtra Talegaon ( Jadhav 2016), Sapgaon ( Jadhav 2018 ) Trymbakeshwar ( Jadhav, 
2018 ) Saptashringi Forest ( Jadhav 2020) similar investigation is carried out in 3 stands of Shendvad forest with view 
to study the maturity of the forest community, Species dominant within the community and the degree of maturity is 
less or highest in forest. 

 
2. MATURITY INDEX: As suggested by Pichi-Sermoli (1948), an index for the establishment of the maturity in plant 
communities based on the frequency percent of all species in the stands of a community. The principle is the long-
accepted nation that higher the frequency percent of each species and smaller the number of sporadic species, the more 
mature is the community. The index of maturity of each stand is compared with each other stands to establish the general 
maturity of the community.  

3. AREA OF STUDY: Pimpalner is a Village in Sakri Taluka in Dhule District of Maharashtra State, India. It belongs 
to Khandesh and Northern Maharashtra region. It belongs to Nashik Division. It is located 80 KM towards west from 
District headquarters Dhule. 13 KM from Sakri. Pimpalner Latitude is 20.92928 and Longitude is 73.99107. The 
vegetation is dry deciduous or mixed type, sometime scrub forest is also observed. The vegetation is rich in the 
localities like Saltek, Kalgaon , Sayane, Pimpalner, Kondaibari etc.  
4. METHODOLOGY: Three stands’ area located randomly throughout the study area in the Shendvad forest. 
Quadrates of 10 x 10 m were laid down in different directions in forest. So that quadrates represented almost all species 
in the area. All together 33 plots (3300 Sq m.) are laid down. Frequency (%) was calculated by the formula given by 
Raunkiaer (1934). Maturity index is based on the frequency percentage of all species in the stands of community. it is 
obtained by number of species in the stand (Pichi- Sermoli, 1948). 
 
5. OBSERVATION: Maturity index provides information about the maturity of the forest community. It also impresses 
up on the dominance of specie within the community. From Table I, it can be seen that the stand No-3 showing maximum 
maturity index where as other stands are within much less maturity index. This can be attributed due to the factors 
operating upon the vegetation on some patches and stands which are showing highest maturity index are under the 
control of forest department.  

From fig. 1: showing the histogram of Maturity Index. It can be seen that highly matured vegetation is in 
the stands of 2 and 3. The average Maturity Index (57.37) is higher. 
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Abstract:    In this present work 3 stands of about 33 quadrates randomly sampled to collect varied species from 
Shendvad forest. Maturity index provides the information about the maturity of the forest community and species 
dominant within the community. From the study it can be observed that the degree of maturity is less or high in 
forest.  
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6. DISCUSSION AND CONCLUSION: The Maturity Index value at Shendvad forests shows that as a whole these 
are of two types. 
1. Still under the process of succession: At stand No.3 maturity values are 51.11 respectively. 
2. Moderately mature: Stand No 3 shows the maturity index values is 60.5 
 
Table 1. Showing the three (3) stands and Their Maturity Index with Average maturity Index of a whole 
forest. 
 

Localities Sr. No Maturity Index (M.I.) 
Stand 1 `1 51.11 
Stand 2  2 56 
Stand 3  3 60.5 
Total  172.11 
   
Average M. I  57.37 

 

 
 

Figure 1. 
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AB S T R AC T

The present review article deals with the distribution, morphology, habitat, ecology, threat, and conservation status of Ceropegia anjanerica 
Malpure et al., in and around Nasik district. The genus Ceropegia L. belongs to the subfamily Asclepiadoideae (milk weeds) within the 
family Apocynaceae. A total of 6 species and 2 varieties of this genus have been recorded in Nasik district viz., C. anjanerica Malpure; 
Kamble and Yadav, C.  bulbosa Roxb.  var.  bulbosa, C.  bulbosa Roxb. var. lushii (Graham) Hook.f., C. hirsuta Wight and Arn., C. lawii Hook.f., 
C. mahabalei Hemadri and Ansari, C. media (H. Huber) Ansari and C. vincifolia Hook. Of these species, C. anjanerica is the ‘endangered’ 
plant species endemic to Anjaneri hills of Nasik district part of the northern western Ghats. The plant body is erect herbaceous with 
tuberous rootstock, tubers are generally 2-5 cm in diameter, globose or discoid with ibrous roots. Recent investigations show that this 
species has been recorded from hill tops, plateaus, and adjacent village areas. 

Keywords: Ceropegia anjanerica, occurrence, conservation, Anjaneri Plateau, Nasik.
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IN T R O D U C T I O N

Ceropegia L. is the genus consists of 244 species that have been 
distributed in Africa and Madagascar which extends from the 

east to Arabia, India and China, northern part of Australia up to 
Canary Islands (Mabberley,1997; Bruyns, 2014). Studies revealed 
three genera viz. Ceropegia, Brachystelma and Riocreuxia has 
a generic complex that leads to many interesting taxonomic 
problems at the generic and speciic levels. (Botanical Survey 

of India;2002).

 Ceropegia is one of the genera belonging from subfamily 
Asclepiadoideae (milkweeds) within family Apocynaceae. This 
genus represents about 260 taxa worldwide (The plant list, 2013) 
distributed around the Canary Islands, India, Madagascar, New   
Guinea, northern Australia, South East Asia, tropical Arabica, 
and Africa (Meve, 2002; 2017). In India, this genus represents 
62 species of which 26 are found in Maharashtra (Karthikeyan 
et al., 2009; Kambale and Yadav, 2019; Murugesan et al., 2019). 

In IUCN red data book this species has been assigned in the 
endangered category under the criteria B1ab(iii)+2ab(iii) ver. 
3.1. (Pethe and Watve,2021). There are 6 species with 2 varieties 
of Ceropegia recorded in Nashik district viz., Ceropegia bulbosa 
Roxb.  var.  bulbosa, C. hirsuta Wight and Arn., C. lawii Hook.f., C.  

bulbosa Roxb.  var.  lushii (Graham) Hook.f., C. mahabalei Hemadri 
and Ansari, C. media (H.Huber)  Ansari, C. anjanerica Malpure et.al,   
and C. vincifolia Hook (Lakshminarasimhan and Sharma, 1991). Out 
of which C. anjanerica is the species that is endemic to Northern-
Western Ghat. Records on adjacent villages and hill tops of Anjaneri 
plateau revealed the occurrence of this species in ‘Navardev’, 
‘Kushegaon’ and Igatpuri tehsil of Nashik district (Auti et al.., 2019).

With the geographical location (19055’11.14” N and 
73034’18.0”E), Anjaneri plateau is the basalt rocky, lat-topped 
hill with the steep and clif edges which is actually the group of 5 
hills collectively known as “Tryambak range” from the Northern-
Western Ghats.   C. anjanerica generally grows rocky areas at 
an altitude of 700-1,100 meters (IUCN Assessment 2021, Pethe 
and Watve, 2015). It has been reported little above the middle 

portion of Anjaneri plateau. (Auti et al., 2020). All species from 
the series Attenuatae have a restricted distribution in Konkan 
ranges, while C. anjanerica is the only species that grows at a 
high altitude. Major threats to the species include degradation 
of habitat, over-exploitation of tubers and various human 
interferences. Apart from the unavailability of pollinators, 
less seed formation and associated reproductive biological 
barriers lead to the continuous decrease in the species’ natural 
population. (Chavan et al.., 2018).

Systematic enumeration

Kingdom: Plantae
Phylum: Tracheophyta
Class: Magnoliopsida
Order: Gentianales
Family: Apocynaceae

Scientiic Name: Ceropegia anjanerica Malpure, Kamble and 
Yadav, 2006.
Common name: Anjaneri wax fountain (English); Lahani 
Kharpudi (Marathi).
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Utility Of The Species

The species’ Tubers have traditionally eaten by tribals (IUCN 
Assessment 2021, Pethe and Watve;2015). Many Ceropegia 
species contain starch, sugars, gum, albuminoids, fats, crude 
ibres. Species like C. bulbosa, C. hirsuta have been recognized 
as edible tuberous plants. (Deshmukh and Rathod, 2013). Few 
species have been described for their utility as food plant 
for insects like butterflies. (Almeida; 1996). These valuable 
constituents are important in many Ayurvedic formulations that 
are efective against the diseases like diarrhea and dysentery. The 
major pharmacological importance of Ceropegia is due to the 
presence of “Ceropegine” which is pyridine alkaloid (Sukumar 
et al.., 1995), that is an analgesic drug can be used against ulcers 
and inlammations (Adibatti et al.., 1991; Khare, 2007).

Morphology And Phenology

Ceropegia anjanerica also called as lytrap lower (Auti et al.., 
2019) is a perennial erect herbaceous plant species and has a 
few loral morphological similarities with attenuate; however, 
it’s distinguishing features includes it’s shorter, obovate, lat 
corolla lobes that make obovate head (IUCN Assessment 2021, 
Pethe, and Watve;2015).

The plant attains vegetative growth in monsoon season 
(July to August) before lowering in August and continues until 
October. September to October is the peak lowering period 
with moist, misty and sunny climates. Fruits mature in October-
November and then seed dispersal which occurs in the month 
of November. In December month, the plant withers and all 
mature tubers become dormant and undergo perennation. The 
rootstock is tuberous and the size of the tubers varies from 2–5 
cm which are discoidal or globose in shape with ibrous roots. 
(IUCN Assessment 2015, Pethe and Watve;2015). Flowering and 
fruiting season have been recorded from September to October 
and the chromosome number of the species is 22 (2n) (Gosavi 
et al.., 2012). 

Habitat And Ecology

C. anjanerica is an erect tuberous herbaceous with about 20 cm 
in height. The species generally grows in well-aerated, shallow 
and gravel soil. Sometimes found along with grasses and other 
small herbaceous plant species. C. anjanerica is generally found 
growing well in lateritic soils with high elevated mountains as 
compare to its other counterparts (Kambale and Yadav; 2019).

According to some reports this species is found growing in 
soils with 2-12 cm depth along with some medicinal herbs like 
Celosia argentea, Justicia betonica, Lepidagathis sp. and Senecio 

dalzellii (IUCN Assessment 2021, Pethe and Watve,2015). Also, the 
species have been found growing at an altitude of 1300 meters 
in well-drained soils with plant species viz. Cyanotis fasciculata 
(B. Heyne ex Roth) Schult. f., Justicia procumbens L., Senecio 

bombayensis Balakr. and Swertia minor (Maity et al., 2021). Some 
recent reports and ield explorations revealed the appearance 
of C. anjanerica in localities viz. Bramhagiri and Bramha hills, 
Vatwad hills, Harihar fort, etc. (Fig. 1). (Maity et al.., 2021).

Threat And Conservation Status

IUCN assigned C. anjanerica in Red data book as Critically 
Endangered (CR B1ab (iii,v)+B2ab(iii)) (Pethe et al.., 2015). The 
species was reported from the Anjaneri hills of Nasik district and 

about 100 individuals of species were reported in September 
2005. Initially, this species was assigned threatened in Red data 
book with threat status as “Critically endangered” and endemic 
to Maharashtra (Mishra and Singh, 2001; Yadav et al., 2006; Yadav 
and Kamble, 2008). The species has not been reported elsewhere 
in Western Ghats since. The species was newly described that’s 
why there were very less or no reports have been found on 
its occurrence after an extensive ield exploration. The area of 
occupancy was found to be below 10 sq. km. and hence the 
species has been assigned Critically endangered [CR: B2 a, b (i, 
ii, iii)] (Kambale and Yadav; 2019).

However; very less or no supporting data like Population 
trends, Extent of Occurrence (EOO) or Area of Occupancy 
(AOO) is available and this fact depicts the need of review and 
reassessment of the current status of this species according to 
IUCN guidelines. According to some earlier studies by some 
workers, anthropogenic operations like over-exploitation of 
tubers, tourism, habitat degradation, etc., are the major threats 
to this species. Along with this poor pollination, less seed 
formation are some other important factors responsible for the 
reduction in the population of species. (Chavan et al.., 2018).

Earlier assessment of anjanerica Malpure et al.., by IUCN placed 
it under the assessment category Endangered B1ab (iii)+2ab(iii) 
ver 3.1. The current population trend was found to be decreasing. 
It was in the critically endangered category (IUCN; 2013) and 
was therefore facing an increased risk of extinction. Many of 
anthropogenic activities are operative in this area leading to 
the continued depletion of this species (Pethe and Watve, 2021).

Anjaneri hill area is visited by many pilgrims, amateur tourists, 
trekkers, mountaineering groups and nature photographers. The 
habitat is subjected to degradation caused by anthropogenic 
pressures such as free grazing of cattle and fires. As a part of 

Fig. 1: Distribution of C. anjanerica Malpure et al.: 1-Vatvad Hill | 
2-Bhaskargad | 3-Harihar fort | 4-Bramha Hill | 5-Bramhagiri Hill | 
6-Anjaneri Hill (Type locality) | 7-Kushegaon. (Maity et al. 2021).

Fig. 2: Red List Assessment category C. anjanerica Malpure et.al.
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developmental initiatives taken up by local government and forest 
department, a permanent road has been proposed to the plateau 
top for developing tourism that imposes a threatening pressure on 
population of C. anjanerica on the top of plateau. Apart from Anjaneri 
hill; the other three locations are under threat due to the enhanced 
tourism and its impacts in terms of trampling and infrastructure 
development. (IUCN Assessment; Pethe and Watve; 2021).

C. anjanerica has been assessed as “critically endangered” 
under the criteria “CR B1ab (iii,v) + B2 ab (iii)” by Pethe et al.., 
(2015) and subsequently as “Endangered” under the criteria 
“B1ab(iii)+2ab(iii)” by Pethe and Watve (2021) of the IUCN Red 
List. (Fig. 2). Though the type locality, i.e., Anjaneri hills, Nasik, 
is declared as an ‘Anjaneri Conservation Reserve’ and due care 
has been taken by Maharashtra state forest department for its 
conservation. Other than Anjaneri Conservation Reserve, all 
the localities are tourist places; therefore, frequent tourist visits 
generally destroy the habitats. (Table 1). Controlled tourism 
and awareness among tourists will help in reducing the threat 
to some extent. Unnecessary uprooting of the tuber just for 
growing this endemic species in captivity should be avoided 
as it will not survive outside its habitat for more than a year 
or so, if appropriate care is not taken. Surveys undertaken 
to Bhaskargad, Harihar fort, Bramha Hill and Bramhagiri Hill 
resulted in the collection of C. anjanerica. This study highlights 
the need for designated surveys to locate such endemic species 
reported from their type localities only. Moreover, earlier 
workers emphasize the need for research to monitor life history 
and distribution trends, ecological threats, and conservation 
planning. (Table 2). This will help in prioritizing the conservation 
of threatened species (Fig. 2). (Maity et al.., 2021).

With potential pharmacological, ornamental and medicinal 
use this species has least reproductive success, so attempts for 
in-vitro propagation of C. anjanerica have been done by many 
workers. Well-grown plantlets hardened, acclimatized and 

established in the greenhouse which exhibited 78% survival. 
(Nalawade et al.., 2014). Likewise, in-vitro propagation attempts 
have been done for many Ceropegia species such as C. bulbosa 
(Shete; 2014), C. woodii (Barakat; 2021). Molecular phylogenetic 
analysis of 81 Ceropegias aligned them in many clades 
(Surveswaran et al.., 2009). The methanol extract of C. juncea 
are medicinally valuable and possess various pharmaceutical 
applications (Visveshwari et al.., 2017).

CO N C LU S I O N

C. anjanerica Malpure et al.., has been reported to have the least 
reproductive success and it has potential in the medicinal ield. 
It can be concluded that insuicient study has been done so far 
on C. anjanerica, As the species has ornamental and medicinal 
potential, conservational actions should be undertaken. Also, 
there is a need to undertake reproductive biological studies 
along with phytochemical and pharmacological examinations 
so as to asses and evaluate the reproductive barriers.
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ABSTRACT 

 Chlorophytum borivilianum; Sant. and Fern. is one of the important medicinal herb belonging to family 

LiliaĐae. TraditioŶally kŶoǁŶ as ͚“afed Musali͛ iŶ the IŶdiaŶ drug market.  An efficacy of its tuberous roots has been 

assessed for the treatment of few sexual disorders in males. Also, phytochemical evaluation revealed the richness of 

alkaloids, saponins, carbohydrates, steroids, vitamins, proteins etc. Apart from the aphrodisiac properties mostly 

confined to the roots; the efficacy of this important medicinal herb needs to be investigated for other attributes 

especially on human model. In India as well as across the world; from the pharmacological point of view; this plant 

serves as valuable medicinal herb with a great potential to cure many diseases. However; this plant has been 

categorized as critically endangered plant according to IUCN red data list. Due to overexploitation, authentic 

identification and standardization as well as lack of ecological and conservation perspective; the species number of 

genus Chlorophytum is found to be decreasing consistently. Also, documentation of such ethnobotanicals and 

knowledge of traditional medicines can be significant contribution towards sustainable utilization of indigenous 

therapeutic plants.  

Keywords: Chlorophytum borivilianum, ecological, pharmacological. 

                                                                   

RESUMEN 

Clorophytum borivilianum; Sant. y helecho. Es una de las hierbas medicinales importantes que pertenece a 

la familia Liliacae. Conocido tradicionalmente como "Safed Musali" en el mercado de drogas de la India. Se ha 

evaluado la eficacia de sus raíces tuberosas para el tratamiento de algunos trastornos sexuales en los machos. 

Además, la evaluación fitoquímica reveló la riqueza de alcaloides, saponinas, carbohidratos, esteroides, vitaminas, 

proteínas, etc. Además de las propiedades afrodisíacas que se limitan principalmente a las raíces; Es necesario 

investigar la eficacia de esta importante hierba medicinal para determinar otros atributos, especialmente en el 

modelo humano. Tanto en la India como en todo el mundo; desde el punto de vista farmacológico; esta planta sirve 

como una valiosa hierba medicinal con un gran potencial para curar muchas enfermedades. Sin embargo; esta planta 
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ha sido clasificada como planta en peligro crítico según la lista roja de datos de la UICN. Debido a la sobreexplotación, 

la identificación y estandarización auténticas, así como la falta de una perspectiva ecológica y de conservación; Se ha 

descubierto que el número de especies del género Chlorophytum disminuye constantemente. Además, la 

documentación de dichos elementos etnobotánicos y el conocimiento de las medicinas tradicionales pueden ser una 

contribución significativa hacia la utilización sostenible de plantas terapéuticas autóctonas. 

Palabras clave: Chlorophytum borivilianum, ecológico, farmacológico. 

 

INTRODUCTION 

 Traditional and herbal medicines have been utilized since ancient times and accounts for about 70-80% of 

population on a global basis. According to the World Health Organization; about 80-95% of population of developing 

as well as developed countries; uses herbal and traditional medicines or crude plant extracts; as a home remedies 

for their routine ailments. (Khan and Ahmad, 2019; Siddaramu et al., 2022). India shows diverse topographic and 

climatic conditions that supports unique habitat for variety of medicinally important plant species. (Naveen et 

al.,2022). Today; the demand for many natural crude therapeutic drugs are increasing all over the world. Recently; 

ethno-ecological survey of medicinal herbs is being carried out by different states. (Tandon and Shukla, 1995). The 

center of origin of C. borivilianum is tropical and subtropical Asia. (Chakraborty and Aeri, 2009). Earlier, it has been 

reported that, about 300 species of Chlorophytum are distributed across the world; especially tropical and subtropical 

regions of Africa which are most probably; the centers of origin of genus Chlorophytum. (Geetha and Maiti, 2002; 

Bansal, 2018). Currently; 23 species of genus Chlorophytum reported across the different regions of India. (Chandore 

and Yadav, 2019). Also, C. borivilianum is categorized as critically endangered status according to IUCN Red data list. 

(Bhat et al., 2018; Gowthami et al., 2021). 

 C. borivilianum is herbaceous plant belonging to the faŵily LiliaĐeae, ĐoŵŵoŶly kŶoǁŶ as ͚“afed ŵusali͛ is 

highly valuable medicinal plant in India and Indian system of Ayurveda. It is a multipurpose herb useful in maintaining 

better human health and gynecological disorders. (Nalawade et al., 2022). Also, its commercial utilization is found to 

be rapidly expanding due to the presence of high medicinal properties in its different parts especially tuberous roots. 

During the last couple of decades; many endangered medicinal plant species; due to the lack of authentic 

identification and standardization; are being used as alternative resource which creates scarcity and eventually leads 

in adulteration. In this context; comparative morpho-anatomical and phytochemical evaluation of Chlorophytum 

species is essential. (Parveen and Singh, 2018). 

Pharmacological Perspective: 

 Traditionally; tubers are also being used in the treatment of few other ailments like rheumatism. Also, leaves 

can be used in various culinary preparations. However; tubers have  been most commonly used for its aphrodisiac 

properties lack of libido, male impotency, oligospermia. (Meena and Rao, 2005). The major biochemical constituent 

of Chlorophytum borivilianum are carbohydrate (42%), Protein (10%), fibers (20% to 30%) Saponins (2% to 17%) and 

alkaloids (15% to 25%). Also, primary saponin and alkaloids have been found to be the rich source of over 25 alkaloids, 
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vitamins, steroids, potassium, calcium, magnesium, phenol, resin, mucilage and polysaccharides. High quality of 

simple sugars mainly sucrose, glucose, fructose, xylose, mannose, and galactose and more recently; Stigmasterol, 

furostanol, chlorophytoside as well as polysaccharide fraction etc.  have been be isolated. (Thakur et al.,2011; 

Rungsung et. al 2013). Arsenic induced toxicity in C. borivilianum and its impact on reproductive system has been 

studied by Sharma et al., 2012. The presence of various vital bioactive compounds and medicinally important 

secondary metabolites like alkaloids, glycosides, steroids etc. have been confirmed in many earlier phytochemical 

studies as well as by chromatographic and spectrophotometric analyses. (Vyas et al., 2020).  

 C. borivilianum;  recognized worldwide as ͚herďal ǀiagra͛, aŶd ͚IŶdiaŶ giŶseŶg͛ in India; found significant in 

curing stress induced weakness and other such ailments. (Sharma and Muzumdar; Singh et. al., 2012, Giribhau et. al., 2014; 

Thakur and Dixit, 2016). Similarly; the root extract of C. borivilianum have found to be helpful in prevention of sperm 

count and impairment in sperm characteristic and morphology. (Kothari; Thakur et al., 2004). Traditionally; it is used 

as health promoting tonic along with anti-oxidant, anti-pyretic, anti-viral, anti-mutagenic, anti-tumors, antifungal 

activity. (Bhat et al., 2008, Deore and Khadabaddi, 2007; 2008; 2010; Akki and Patil 2006; Singh et al., 2012). Few 

researchers have reported that the human disorders such as renal and pulmonary cancer can be better managed by 

herďal drugs like ͚“afed Musali.͛  “iŶgh et al., Saxena et al., 2012). 

 Pharmacological evaluation has been attempted by many workers which revealed few inherent medicinal 

properties such as aphrodisiac, immunomodulatory activity and anti-aging properties. (Kothari, 2004; Singh et al., 

2008; Chakraborty, 2012). Traditionally; the tuberous roots of C. borivilianum are being used in the manufacturing of 

crude herbal drugs. It has been shown to work very well in curing impotency. (Sharma and Muzumdar, 2012; Desale, 

2013; Giribhau et al., 2014; Bhat et al., 2018). Many ethnic communities across the different states of India like 

‘ajasthaŶ ;͞MeeŶa͟Ϳ, Mizoram ;͞Mizo͟Ϳ, Maharashtra ;͞Thakur͟Ϳ, Madhya Pradesh ;͞Korku͟ and ͞ Bharia͟Ϳ have been 

fouŶd to ďe eŶjoyiŶg the health, ǀitality aŶd loŶgeǀity ďy usiŶg ͚“afed ŵusali͛ iŶ their health Đare                       system. (Patil, 2010; 

Jagtap et al., 2009; Meena and Rao, 2010; Deshwal and Trivendio, 2011). Indigenous people in the states like 

Maharashtra have found to be utilizing the root tubers of C. borivilianum for the variety of medicinal purposes and 

have initiated its cultivation; which indicates its socio-economic importance. (Patil, and Patil, 2000; 2001).  

 In earlier research; it was reported that C. borivilianum is medicinally significant especially in rejuvenation. 

(Miraj et al., 2020, Verma et al., 2020). Also, studies have indicated that the root extraction is better equip testicular 

cell against the different oxidative stresses. (Vyas et al., 2022). C. borivilianum consist of many useful secondary 

metabolites helping in sexual problems mostly stigmasterol (Pratiwi et. al., 2021), Saponin (Khan et al., 2022). Recent 

studies have identified nine compounds including 5-methylhex-2-y, pentadecyl ester (23.69).9, 10- anthracenedione 

(19.02). (Vyas et al., 2020). 

 Most of the pharmacological investigations and studies conducted previously lack critical assessment and 

substantial scientific evidences. Also, all the studies merely highlighted the toxicity, quality and the commercial 

utilization of Chlorophytum borivilianum; which is insufficient to gather comprehensive information so as to focus on 

the existing lacunae and future research. (Khanam et al., Ashraf et al.,2013).  
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Tubers and other body parts like leaf and stem of C. borivilianum; are rich in alkaloids, glycosides, tannins, and saponin 

enriched fraction etc. These have been assessed for nutritional as well as cytotoxic, hemolytic properties. 

(Somanath,2008; Singh et al., 2022). Few works have focused antidiabetic, anti-oxidant, anti-stress, anti-helminthic 

and anti-larvicidal property of C. borivilianum. (Sharma et al., 2017). Recently; the use of C. borivilianum as a dietary 

supplementation is found effective as heat stress ameliorator in dairy cows. Similarly; in rat model; this vital herb has 

been shown to possess antimicrobial, antimutagenic, antioxidant, antiulcer, properties. (Devi et al., 2021). Different 

plant parts of C. borivilianum have been used to evaluate the medicinal properties, pharmacological and physiological 

response in various experiments conducted on animals mostly rats, cows as well as human beings. (Table 1).   

 Characterization of enzymes responsible for Saponin biosynthesis has been attempted by few researchers 

(Karla et. al., 2013). The seeds of C. borivilianum are quite dormant and their viability is low, which necessitates its in 

vitro regeneration and its large scale cultivation for agricultural and commercial purposes. Also, the presence of 

secondary metabolites irrespective of topographical and climatic conditions; can be enhanced through 

micropropogation and in vitro culture techniques which can be considered as novel approach in bioprospecting of 

phytopharmarmaceuticals. (Purohit et al., 1994; Jha and Bansal, 2018; Kaushal et al.,2021).  

 

ECOLOGICAL PERSPECTIVE 

 The genus Chlorophytum is originated from the tropical and subtropical Africa and about 300 species are 

distributed predominantly in tropical and subtropical forests up to 1500 m altitude (Nayar and Sastry, 1988; Oudhia, 

2001; Raghavendra et al., 2005). 

 It is evident that, the plant species in which reproductive parts (fruit, flower, and seed) as well as vegetative 

parts (leaves, roots, rhizome etc.) are harvested for commercial purposes; are more endangered in comparison; than 

any other plant species. Commercially; it is one of the important crop with high level of ethno-medicinal properties, 

low risk, and high returns can be fetched within a short period of one year. (Manjunatha et al., 2008).  

 The decline in the number of species and extinction of some species of genus Chlorophytum, is largely due 

to the ecological disturbances, cultivation/harvesting practices by unskilled labor leading to poor natural 

regeneration, over exploitation for commercial purposes etc. (Mishra, 2011). Naturally, seed setting in most of the 

flowering plant species occurs by adopting variety of pollination mechanisms. Likewise; there are different insect 

pollinators which play an important role in pollination biology. (Shivanna et. al., 2001). The pollinators of C. 

borivilianum include diverse group of insect species that transfer pollen in flowering plant. Interaction between 

plants and pollinators is valued for increasing food production and maintaining ecosystem function to support 

biodiversity. (Gomez et.al., 2007; Ollerton,2017, Celep et al., 2020). 

 C. borivilianum is small annual herbaceous plant which is grows wild as well as cultivated in different regions 

of India. Indigenous tribal people mostly collect its tubers for economic and medicinal purposes. It is one of the 

important ethno-medicinal herb utilized by tribal population in several districts of Maharashtra as well as different 

states in India. (Khairnar and Gadekar, 2019). Moreover; the studies evaluating the role of bioactive phyto-
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constituents of C. borivilianum in nectar formation, pollinators and other fundamental ecological processes, global 

change etc. are being attempted by few workers. (Stevenson et al., 2017; Spyros et al., 2023). In India alone; different 

agro based field experiments have been conducted across the states so as to study the response shown by C. 

borivilianum such as increase in overall root yield, its effective conservation and management in natural habitats. 

(Table 2). 

 C. borivilianum has been categorized into critically endangered status according to the IUCN red data list. 

(Ved et al., 2015). Due to the consistent rise in the popularity and consumption of C. borivilianum; and also, huge 

economic returns; national and international phytopharma market is expanding at rapid rate. Review of relevant 

literature revealed that the consistent research and developmental activities are needed especially at educational, 

pharmaceutical institutions and medicinal plant repositories so as to explore genetic diversity, 

phytopharmaceuticals/ nutraceuticals from C. borivilianum.  (Tandon et al., 2012). Moreover, countries like India; are 

providing subsidies for the promotion of cultivation, processing and marketing of C. borivilianum. (Gunjan et al, 2015; 

Verma and Bisen et al.,2020).  

 

DISCUSSION 

 In India as well as across the world; from the pharmacological point of view; C. borivilianum serves as 

valuable medicinal herb with a great potential to cure many diseases. Plants like C. borivilianum possess great 

medicinal importance. Apart from their medicinal role Chlorophytum species have also been recognized as food 

source across different regions of the world. C. borivilianum is having great potential in treating sexual disorders like 

impotency and many other such ailments which could be treated in coming future. Apart from the aphrodisiac 

properties mostly confined to the roots; the efficacy of this important medicinal herb needs to be investigated for 

other attributes especially on human model. 

 Currently, C. borivilianum is categorized as critically endangered plant species by IUCN red data list. Also; 

due to overexploitation and lack of ecological as well as conservation perspective; the species number of 

Chlorophytum borivilianum is found to be decreasing consistently. This necessitates its study in detail; emphasizing 

its ecological conservation. Moreover; studies so as to understand novel gene, reproductive biology etc. are needed.  

Thus, more elaborative, innovative conservation approaches should be adopted to protect this plant from becoming 

endangered.  
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Table 1.   Pharmacological and physiological response different organisms observed during                  

various experiments.  

Organism involved Formulations/ Plant part used Pharmacological/ Physiological response   Reference  

Human  

 

Root  Loss of vigour and sexual fatigue, for improving 

strength, Promoting the semen and sexual vigor. 

Kumar et al., 2004, Bansal, 2018; 

Khairnar and Gadekar, 2019. 

Root extract Aphrodisiac and erectile dysfunction Kumar and Gadhwal, 2020. 

Methanolic callus extract pathogenic microbes and cytotoxicity against 

colon cancer cells. 

Huang et al., 2019. 

Rat Methanolic Seed extract antioxidant and antimutagenic activity. Rai et al., 2022. 

Root extract Maintaining normal blood glucose, insulin and 

lipid levels. 

Giribabu et al., 2014. 

Cows root powder Stimulate lactation. Deshwal et al., 2011. 

Crossbred Cows Root extract Antioxidant, improvement in immune response. Devi et al., 2021. 

      Earthworm 

(Pheritima posthuma) 

Crude Spaonin extract  Anthelmintic property against selected worms.  Sharma and Chandrul, 2017. 

Fish (Labeo rohita)  

 

Polysaccharide fraction  Improvement in immune response and disease 

resistance. 

Giri et al., 2015. 

Yeast (Saccharomyces  

cerevisiae) 

Polysaccharide fraction Increase in the lifespan/longevity. 

Results to be used for studying the aging process. 

Pannakal et al., 2017. 

 

Table 2. Effects of different parameters on growth and yield of C. borivilianum.  

Region of Study Parameters studied   Outcome of study Reference 

Karnataka, India. Effect of bio formulations, organic and 

inorganic source of nutrients. 

Growth in leaf area,  Physiological Characters, Dry 

root yield. 

Hiremath et al.,2020. 

Faizabad, Uttar Pradesh  The effect of organic manures  overall growth  and  root  yield. Ram et al., 2014. 

Bhopal, India plant ecology, biology, collection 

and Use/trade parameters. 

 Ex situ conservation  and management of plant 

in the natural forests. 

Mishra, 2011. 

Akola, Maharashtra. Effect of inter cropping 

with pigeon pea (3:1). 

Increase in the overall yield and economic return Tapre et al., 2021. 

 

ACKNOWLEDGEMENT 

 Authors are thankful to P.G. Department of Botany, K.V. N. Naik Arts Commerce & Science College and Research 

Center of Botany L.V.H. College, Panchvati, Nasik, India for providing all the necessary requirements and 

administrative support.    

 

 

 



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023: 

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704 

 

7 

 

AUTHOR CONTRIBUTIONS 

Conceptualization, Shinde, H.P., referencing and draft preparation, Pawar, R. P. formal analysis, Nikam, P. D. technical 

assistance, Waghmode, A.V.  

 

REFERENCES 

Acharya, D., Mitaine-Offer A.C., Kaushik, N. et al. (2009).  Cytotoxic spirostane-type saponins from the roots of 

Chlorophytum borivilianum. Journal of Natural Products, 72(1):177-181. 

Akki, B.G. and Patil, S.H. (2006). Preliminary phytochemical investigation and in-vitro anti stress activity of safed 

musli- Chlorophytum borivilianum. Indian Drugs. 43 (11), 878-880. 

Ashraf Mehdi Farshad, Maheran Abd Aziz, Johnson Stanslas, Ismanizan Ismail, Mihdzar Abdul Kadir (2013). 

Assessment of antioxidant and cytotoxicity activities of Saponin and crude extracts of Chlorophytum 

borivilianum,10 (2), doi: 10.1155/2013/216894.  

Ashraf, M.F., Aziz, M.A., Kemat, N., Ismail, I. (2013). Effect of Cytokinin types, concentrations and their interactions 

on in vitro shoot regeneration of Chlorophytum borivilianum Sant. & Fernandez. Electronic J. Biotechnol. 17, 

275-279. 

Bansal, Neetu (2018). Safed musli Chlorophytum borivilianum Review article. MOJ Bioequivalence & Bioavailability, 

5(6):327-330. 

Bhat, M.H., Fayaz, M., Kumar, A., Jain, A.K. (2018). Phytochemical, pharmacological and nutritional profile of 

Chlorophytum tuberosum (Roxb.) Baker (Safed musli): A Review. Int. J. Theor. Appl. Sci. 10(1), 93-99. 

Chakraborthy, G.S. and Aeri, V. (2009). Immunomodulatory activity of Chlorophytum borivilianum. Pharmacology 

online. 3: 54-57. 

Deore, S. L. and Khadabadi, S.S. (2007). In vitro antimicrobial studies of Chlorophytum borivilianum (Liliaceae) root 

extracts, Asian J. Microbiol. Biotech. Env. Sci. 9(4), 807-809. 

Deore, S. L. and Khadabadi, S.S. (2008a). Anti- Inflammatory and antioxidant activity of Chlorophytum borivilianum 

root extracts. Asian J. Chem. 20(2), 983-986. 

Deore, S. L. and Khadabadi, S.S. (2010). Isolation and characterization of phytoconstituents from Chlorophytum 

borivilianum. Phcog Res. 2:343-349. 

Desale, P. (2013). Safed Musli: Herbal Viagra for male impotence. Journal of Medicinal Plants Studies, 1(3), 91-97. 

Deshwal, R.K. and Trivedi, P. (2011).  Effect of kinetin on enhancement of tuberous root production of Chlorophytum 

borivilianum. International Journal of Innovations in Biological and Chemical Sciences.1:28-31. 

Devi, P., Singh, M., Somagond, Y. M., and Aggarwal, A. (2021). Alleviation of heat stress by Chlorophytum 

borivilianum: Impact on stress markers, antioxidant, and immune status in crossbred cows. Trop. Anim. Health 

Prod. 53, 351. doi:10.1007/s11250-021-02796-y. 

Geetha, K. and Maiti, S. (2002). Biodiversity of Chlorophytum borivilianum, Santapau & Fernandes. International Plant 

Genetic Resource.129:52-53.  



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023: 

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704 

 

8 

 

Giri, S.S., Sen, S.S., Chi, C., Kim, H.J., Yun, S., Park, S.C., Sukumaran, V. (2015). Chlorophytum borivilianum 

Polysaccharide fraction provokes the immune function and disease resistance of Labeo rohita against 

Aeromonas hydrophila. J Immunol Res. 256510. doi: 10.1155/2015/256510.  

Giribabu, N., Kumar, K.E., Rekha, S.S., Sekaran, Muniandy, S. and Salleh, N. (2014). Chlorophytum borivilianum (Safed 

Musli) root extract prevents impairment in characteristics and elevation of oxidative stress in sperm of 

Streptozotocin-induced adult male diabetic Wistar rats. BMC Compl. Alt. Med. 14, 291. 

Gowthami, R., Sharma, N., Pandey, R., Agrawal, A. (2021). Status and consolidated list of threatened medicinal plants 

of India. Genet Resour Crop Evol. 68(6):2235-2263. doi: 10.1007/s10722-021-01199-0.  

Gunjan, M., Naing, T.W., Saini, R.S., Ahmad, A., Naidu, J.R. and Kumar, I. (2015). Marketing trends & future prospects 

of herbal medicine in the treatment of various disease. World Journal of Pharmaceutical Research 4(9): 132-

155. 

Hiremath, Jagadish Chandra, Gangadharappa, P.M., Hegde, N.K., Kukanoor, L., Mastiholi. A.B. and Shiragur, Mukund, 

Mallikarjun Awati (2020). Role of bio-formulations in combination with inorganic and organic nutrient sources 

in enhancement of morpho-physiological characters and root yield in safed musli Chlorophytum borivilianum 

Sant. & Fernand. International Journal of Ecology and Environmental Sciences Online ISSN: 2664-7133; Print 

ISSN: 2664-7125. 

Huang, F., Long, Y., Liang, Q., Purushotham, B., Swamy, M.K., Duan, Y. (2019). Safed Musli Chlorophytum borivilianum 

callus-mediated biosynthesis of silver nanoparticles and evaluation of their antimicrobial activity and 

cytotoxicity against human colon cancer cells. Journal of Nanomaterials. 13;2019. 

Jha, A. and Bansal, Y.K. (2018). Estimation of some secondary metabolites from the in vitro cultures of Chlorophytum 

borivilianum Sant. et. Fern. International Journal of Pharmacy and Pharmaceutical Sciences ISSN- 0975-1491 

Vol. 10 (1), Pp. 1-10. 

Kalra, S., Kumar, S., Lakhanpal, N., Kaur, J., Singh, K. (2013). Characterization of Squalene synthase gene from 

Chlorophytum borivilianum (Sant. and Fernand.). Mol Biotechnol. 54(3):944-53. doi: 10.1007/s12033-012-

9645-1.  

Kaushal, N., Alok, A., Kajal, M. and Singh, K. (2021). Regeneration and genetic fidelity analysis of Chlorophytum 

borivilianum using flower stalk as explant source. Advances in Bioscience and Biotechnology, 12, 95-107. 

https://doi.org/10.4236/abb.2021.124007. 

Kenjale, R., Shah, R. and Sathaye, S. (2008). Effects of Chlorophytum borivilianum on sexual behavior and sperm count 

in male rats. Phytotherapy Res. 22(6), 796-801. 

Khairnar, Shrikant, Sanjayrao and Gadekar, Vipul Sanjay (2019). Studies on ethno botanical plants used by tribal 

community of Nashik district, Maharashtra, India. Journal of Medicinal Plants Studies; ISSN (E): 2320-3862 

ISSN (P): 2394-0530 7(4): 200-202. 

Khan, M. S. A., & Ahmad, I. (2019). Herbal medicine: Current trends and future prospects. in New Look to 

Phytomedicine Academic Press,3-13.https://doi.org/10.1016/B978-0-12-814619-4.00001X. 

https://doi.org/10.4236/abb.2021.124007


Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023: 

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704 

 

9 

 

Khanam Zakia, Ompal Singh, Rampal Singh, Irshad Ul Haq Bhat (2013). Safed musli Chlorophytum borivilianum: a 

review of its botany, ethnopharmacology and phytochemistry. J Ethnopharmacol.,150(2):421-441. doi: 

10.1016/j.jep.2013.08.064. Epub 2013. 

Kothari, S. K. and Sigh, K., (2003). Production technique for the cultivation of Safed Musli (Chlorophytum 

borivilianum). J Hortic. Sci Biotech. 8(2), 261-264. 

Kothari, S.K. (2004). Safed Musli (Chlorophytum borivilianum) revisited. J. Med. Arom. Plant Sci. 26, 60-63. 

Kumar, A. and Gadhwal, N. (2020). Traditional herbal medicines and their fertility potential: A Review. Journal of 

Complementary and Alternative Medical Research. 9, 24-32.  

Kumar, M., Gangwar, R., Sagar, S., Chaudhary, S., Kumar, Y., Kumar, V. (2018). Micropropagation of Safed musli 

(Chlorophytum borivilianum)- an endangered medicinal herb. Technofame. 7 (1), 26-31. 

Kumar, R., Suman, N.R. and Dash, S.S. (2004). Traditional uses of plants by tribals of Amarkantak region, Madhya 

Pradesh, Vol. 3 (4), Pp 383-390. 

Mishra, Manish (2011). Conservation of biodiversity in the natural forests of central India: A Case of Critically 

Endangered medicinal species safed musli in Bhopal forest (MP) India. Bioscience Discovery, 2(3):299-308, 

ISSN: 2229-3469 (Print). 

Miraj S.S. A Praveen, N., and Chaudhary, S.A. (2020).in back drop of overuse of synthetic drug ,can botanical be one 

of answer, a piolet study of medicinal use of Chlorophytum and curcuma by tribal in central india.ctm 6(1),75-

85,doi;10.2174/2210838056661906121431220. 

Nalawade, Ajay Sarjerao Gurav, Rajaram Vithoba, Patil, Abhinandan Ravsaheb, Patwekar Mohsina, Patwekar, Faheem 

(2022). A comprehensive review on morphological, genetic and phytochemical diversity, breeding and 

bioprospecting studies of genus Chlorophytum Ker Gawl. from India. Trends Phytochem. Res. 6(1), 19-45. 

Naveen Chandra, Gajendra Singh, Shashank Lingwal, MPS Bisht, Lalit Mohan Tewari and Vinod Chandra Joshi (2022). 

Ecological status of Alpine medicinal and aromatic plants of Western Himalaya, Journal of Herbs, Spices & 

Medicinal Plants, 28:1, 73-88, DOI:10.1080/10496475.2021.1963903. 

Pannakal, S.T., Jäger, S., Duranton, A, Tewari, A,,  Saha, S., Radhakrishnan, A., Roy, N,, Kuntz, J.F., Fermas, S., James, 

D., Mellor, J., Misra, N. and Breton, L. (2017). Longevity effect of a polysaccharide from Chlorophytum 

borivilianum on Caenorhabditis elegans and Saccharomyces cerevisiae. PLoS One. 12(7). 

doi:10.1371/journal.pone.0179813.  

Purohit S.D., Dave, A., Kukda, G. (1994). Micropropagation of safed musli Chlorophytum borivilianum, a rare Indian 

medicinal herb. Plant Cell Tissue Organ Cult. 39, 93-96. 

Rai, Jyoti, Rai, Dhananjay, Gupta, Amresh (2022). A Review on Safed musli Chlorophytum borivilianum Volume 9, 

Issue 7 (ISSN-2349-5162). 

Ram, D., Thenua, O.V.S. and Chandra, R.  (2015). Effect of organic manures on plant growth and root yield of safed 

musli (Chlorophytam borivilianum) under agro-climatic condition of eastern Uttar Pradesh. Ann. Agric. Res. 

New Series Vol. 36 (1): 114-116. 



Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023: 

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704 

 

10 

 

Rungsung, W., Dutta, S., Das, D., Hazra, J. (2013). A brief review on the botanical aspects and therapeutic potentials 

of important Indian medicinal plants. International Journal of Herbal Medicine. 1(3): 38-45. 

Santapau, H., and Fernandes, R. (1955). A new species of Chlorophytum from Salsette Island. J. Bombay. Nat. Hist. 

Soc. 52, 896-900.  

Sharma, G. and Kumar, M. (2012). Antioxidant and modulatory role of Chlorophytum borivilianum against Arsenic 

induced testicular impairment. J Environ Sci (China). 24(12):2159-65. doi: 10.1016/s1001-0742(11)61019-x.  

Sharma, Payal and Chandrul, Kaushal K. (2017). Chlorophytum borivilianum (Safed musli): A vital herbal drug. Int. J. 

Pharm. Med. Res. ISSN: 2347-7008; 5(1):401-411. 

Siddaramu, Vidyashree, Uday, Kumar, Vishnu Halasahalli Venkataramaiah, Sowmyashree Krishnamurthy, Shruthi 

Gangur Rangaswamy, Harisha Ranganahali Puttahariyappa, Badenahally Chikkarangappa Nagaraja (2022). 

Herb diversity and their medicinal uses in Biodiversity conservation area of Jnanabharathi campus, Bangalore 

University, Karnataka. Biological Diversity and Conservation,15 (1) ISSN 1308-8084 (O) 1308-5301 (P), Pp73-

83. 

Singh, Rahul, Sharma, Rinku, Gorakh, Mal and Varshney, Rajat. (2022). A comparative analysis of saponin-enriched 

fraction from Silene vulgaris (Moench) Garcke, Sapindus mukorossi (Gaertn) and Chlorophytum borivilianum 

Santapau and Fernandes: an in vitro hemolytic and cytotoxicity evaluation, Animal Biotechnology, 33:1, 193-

199, DOI:10.1080/10495398.2020.1775627. 

Spyros, Theodoridis, Evangelia, G. Drakou, Thomas, Hickler, Marco, Thines, David Nogues-Bravo (2023). Evaluating 

natural medicinal resources and their exposure to global change. Lancet Planet Health 7: e155-63. 

Stevenson, P.C., Nicolson, S.W., Wright, G.A. (2017). Plant secondary metabolites in nectar: impacts on pollinators 

and ecological functions. Funct. Ecol. 31: 65-75. 

Tandon, P., Kumaria, S., Das, M.C. (2012). Plant resources of India: potentials for future development. Proc. Natl. 

Acad. Sci., India, Sect B Biol Sci; 82(2): 283-9. 

Tapre, Varsha, Deshmukh, Swapnil, Muradi, Balkishor, Deshmukh, Amit, Pawar, Aditya and Rathod. Dhanraj. (2021). 

Performance of safed musli (Chlorophytum borivilianum) under different intercropping systems. J 

Pharmacogn Phytochem 10(1):787-789. 

Thakur, M., Connellan, P., Deseo, M.A., Morris, C., Dixit, V.K. (2011). Immunomodulatory Polysaccharide from 

Chlorophytum borivilianum roots. Evid Based Complement Alternat Med. 2011; 2011:598521. doi: 

10.1093/ecam/neq012. 

Ved, D., Saha, D., Ravikumar, K. and Haridasan, K. (2015). Chlorophytum borivilianum. The IUCN Red list of threatened 

species 2015:e.T50126575A50131300. http://dx.doi.org/10.2305/IUCN.UK.2015-

2.RLTS.T50126575A50131300.en. 

Verma, Ravindra, Misra, Vaibhav and Bisen, Prakash Singh. (2020). Nutritional and medicinal values of Chlorophytum 

borivilianum: Mini- review of current status and future possibilities. Current Nutrition & Food Science, 16, 1-8, 

Bentham Science Publishers. 

http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T50126575A50131300.en
http://dx.doi.org/10.2305/IUCN.UK.2015-2.RLTS.T50126575A50131300.en


Sustainability, Agri, Food and Environmental Research, (ISSN: 0719-3726), 11(X), 2023: 

http://dx.doi.org/10.7770/10.7770/safer-V12N1-art704 

 

11 

 

Vyas, Ruchi, Garima, Sharma, Adya, Chaturvedi, Devki and Rashmi Sisodia (2020). GC-MS and HPLC analysis of 

Chlorophytum Borivilianum (Safed Musli), a plant from Ayurveda- herbal Viagra. Glob J Reprod Med. Vol. 7 (5) 

5556723. DOI: 10.19080/GJORM.2020.07.5556723. 

 

Received: 13th May 2023; Accepted: 23th September 2023; First distribution: 23th September 2023 



International Journal of Research Publication and Reviews, Vol 4, no 5, pp 6936-6940 May 2023  
 

International Journal of Research Publication and Reviews 

 

Journal homepage: www.ijrpr.com  ISSN 2582-7421 

 

 

Preliminary Phytochemical Analysis from the Bark of Plant Boswellia 
Serrata Roxb. Ex. Colebr.  

Atul N. Wagh,  Nandu B. Pawar, Akash K. Suryawanshi & Yahyakhan A. Pathan 

Department of Botany 

L.V.H Arts, Science & Commerce College, Panchavati, Nashik & 

J.A.T Arts, Science and Commerce College for Women, Malegaon 

Email of corresponding author – atulwagh62@gmail.com 

ABSTRACT: 

Boswellia serrata Roxb. ex. Colebr. is one of the most primitive medicinal plant belongs to the family Burseraceae. The plant was undertaken to check 

phytochemical analysis based on ethnobotanical data collected from North East Region of Nashik District, Maharashtra. The bark of the plant has high medicinal 

value and used as anti-cancer and to cure joint pains, feet, spine, arthritis, swelling, sprains, bruises, back pain and as a stimulant for menstrual flow. The bark of 

the plant samples were collected from Malegaon taluka of Nashik District.  

Key words – Phytochemical, Ethnobotany, Boswellia serrata, Medicinal 

Introduction: 

Phytochemical analysis of Boswellia serrata involves the study of the chemical components present in the plant species. Boswellia serrata also known 

as Indian frankincense, is a tree native to India, Pakistan, and the Arabian Peninsula. It has been used for centuries in traditional medicine due to its 

potential therapeutic properties. Phytochemical analysis aims to identify and quantify various bioactive compounds present in Boswellia serrata. These 

compounds include triterpenoids, essential oils, and flavonoids, among others. Triterpenoids, specifically boswellic acids, are considered the primary 

active constituents responsible for the plant's anti-inflammatory and anti-cancer properties. The analysis of Boswellia serrata involves extraction 

techniques to isolate the phytochemicals from the plant material. Different methods, such as cold extraction, hot extraction,  solvent extraction or 

supercritical fluid extraction, may be employed to obtain the bioactive compounds. Once extracted, various analytical techniques are used to identify and 

quantify these compounds, including gas chromatography-mass spectrometry (GC-MS), high-performance liquid chromatography (HPLC), and nuclear 

magnetic resonance (NMR) spectroscopy. 

The phytochemical analysis of Boswellia serrata helps in understanding the chemical composition of the plant and its potential bioactivity. It enables 

researchers to identify specific compounds responsible for the plant's medicinal properties and may aid in the development of therapeutic applications or 

standardized herbal preparations. 

Material and Methodology 

1. Extraction of powdered drugs 

All the powdered drug samples were processed for the cold extraction by maceration with ultrasonication method. Five different solvents (water, 

methanol, ethanol, chloroform and petroleum ether) were used for the extraction. Cold extraction technique was intentionally used to restore the intactness 

of the phytoconstituents especially those are thermolabile in nature.  

2. Experimental 

For extraction, each powdered sample was weighed (20 gm) individually. These powdered samples were taken in stoppered conical flasks and 100 ml of 

specified solvents were added. The flasks were kept on orbital shaker for next 24 hrs with 5 min treatment of ultrasonication to each sample in between 

these shakings. 

Sample 
No. 

Drug quantity Solvent used Weight of 
crucible (gm) 

Weight of 
crucible with 
extract (gm) 

Weight of 
extract (gm) 

Extraction yield  
(% w/w) 

20 gm Water 66.13 67.53 1.4 7 

http://www.ijrpr.com/
mailto:atulwagh62@gmail.com
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Boswellia 

serrata 

Roxb. ex 

Colebr. 

20 gm Methanol 76.13 78.88 2.75 13.75 

20 gm Ethanol 67.38 69.74 2.36 11.8 

20 gm Chloroform 74.73 75.09 0.36 1.8 

20 gm Pet. Ether 72.99 73.22 0.23 1.15 

 

2. Preliminary Phytochemical Analysis 

Above prepared extracts of each drug were used for preliminary phytochemical analysis. In this, chemical tests for the detection of some primary 

metabolites (carbohydrate, amino acid, protein, lipid and starch) and secondary metabolites (alkaloids, flavonoids, tannins, saponins, glycosides) were 

done.  

Results for Boswellia serrata Roxb. ex Colebr. 

Test for Test Observation Inference Pic of the test 

Primary Metabolites - 

 
 
 
Carbohydrate 
 

Molisch's test (General 
test)  
To 2-3 ml aqueous extract, 

add few drops of alpha-

naphthol solution in 

alcohol, shake and add 

conc. H2SO4 from side of 

the test tube.  

Violet ring is formed 

at the junction of two 

liquids. 

 

 

 

     Present 

 

 
 
 
 
Amino Acid 

Ninhydrin test (General 
test) 
Heat 3 ml T.S. and 3 drops 

5% Ninhydrin solution in 

boiling water bath for 10 

min.  

Purple / bluish colour 

appears. 

 

 

 

 

Present 

 

 
 
 
Protein 

Biuret test (General test) 
To 3 ml T.S. add 4% 

NaOH and few drops of 

1% CuSO4 solution.  

Violet or pink colour 

not appeared. 
 

 

 

Absent 

 

 
 
Lipid 

Extract dropout on filter 

paper drought comes then 

lipids are present. 

No permanent stain on 

filter paper 

 

 

Absent 

 

https://indiabiodiversity.org/species/list?taxon=29431
https://indiabiodiversity.org/species/list?taxon=29431
https://indiabiodiversity.org/species/list?taxon=29431
https://indiabiodiversity.org/species/list?taxon=29431
https://indiabiodiversity.org/species/list?taxon=29431
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Starch 

Iodine test: Mix 3 ml test 

solution and few drops of 

dilute iodine solution. 

Blue colour appears, it 

disappears on boiling and 

reappears on cooling. 

Blue colour does not 

appear 

 

 

 

 

Absent 

 

Secondary Metabolites 

Alkaloids Evaporated the aqueous, alcoholic and chloroform extracts separately. To residue, dilute HCI added. After 

shaking well and filtration, using filtrate, following test was performed. 

 Wagner's test 
2-3 ml filtrate with few 

drops Wagner's reagent 

gives reddish brown ppt. 

Reddish brown ppt Present 

 

Flavonoids Shinoda Test 
To dry powder or extract, 

add 5 ml 95% ethanol/t-

butyl alcohol, few drops 

conc. HCI and 0.5 g 

magnesium turnings. 

Orange, pink, red to purple 

colour appears. 

Orange red colour 

observed 

Present 

 

Tannins 5% FeCl3 solution Deep blue-black 

colour 

Present 

 

Saponins Add water into sample and 

shake for 15 sec. 

Foam is observed Present 
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Glycosides Legal's test (Test for 
cardenoloids) 
To aqueous or alcoholic 

extract, add 1 ml pyridine 

and 1 ml sodium 

nitroprusside.  

Pink to red colour 

appeared 

Present 

 

 Test for deoxy sugar 
(Keller-Killiani test)  

To 2 ml extract, add 

glacial acetic acid, one 

drop 5% FeCl3 and conc. 

H2SO4. Reddish brown 

colour appears at junction 

of the two liquid layers 

and upper layer appears 

bluish green. 

No reddish brown 

colour appears at 

junction of the two 

liquid layers. 

Absent 

 

 

Result and Discussion 

The specific phytochemical profile of Boswellia serrata can vary depending on factors such as geographical location, climate, and extraction methods 

used. Phytochemical analysis helps in determining the composition and concentration of these bioactive compounds, which in turn provides insights into 

the potential therapeutic applications.  The plant samples were tested to check the presence and absence of primary and secondary metabolites 

present in Boswellia serrata. The powdered drug sample was processed for cold extraction by maceration with ultrasonication method. Five different 

solvents (water, methanol, ethanol, chloroform and petroleum ether) were used for the extraction. Cold extraction technique was intentionally used to 

restore the intactness of the phytoconstituents especially those are thermolabile in nature. Carbohydrate, Amino Acid shows the presence, where Protein, 

Lipid and Starch is absent in bark of plant Boswellia serrata.  Alkaloids, Flavonoids, Tannins, Saponins, Glycosides are present in Legal's test and absent 

in test for deoxy sugar (Keller-Killiani test). 
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ABSTRACT

 Present paper gives an account of 15 taxa belonging to 07 genera of 
family Convolvulaceae Juss.Ipomoea L. is the largest genera with 08 taxa. 
Description of each taxon is provided with flowering-fruiting, location, exsiccata, 
field note and photo. 

Key words : Flora, Convolvulaceae, Satmala Hills.

Introduction:

 Convolvulaceae Juss. is also known 
as Morning Glory Family. Its habit ranges from 
herb to woody vines, rarely tree. The family is 
represented by 2000 taxa and 58 genera all 
over the world (Staple and Yang, 1998). In 
India the family is represented by 158 taxa 
belonging to 20 genera (Oudhia, 2001). 
Ipomoea L. and Convolvulus L. are the major 
genera comprising third of the one total taxa 
(Conquist, 1988). In India taxa of the family 
distributed in the state of Bengal, Maharashtra, 
G u j a r a t ,  G o a ,  K a r n a t a k a ,  a n d  
Chhattisgarh(Undirwade et al, 2015). 
Lakshminarasimhan and Sharma (1991) 
documented 7 taxa in Flora of Nashik district. 
However, as sufficient literature is not available 
from Nashik district, present survey was 
undertaken in Chandwad-Satmala region to 
study the diversity of species belonging to 
family Convolvulaceae Juss

Material and Methods: 

 Field tours were conducted in study 
area to document the taxa of family 
Convolvulaceae Juss. Collected taxa were 
identified and confirmed with the help of local 
f l o r a s  a n d  a v a i l a b l e  l i t e r a t u r e  
( Lakshm ina ras imhan  and  Sha rma ,  

1991;Singh and Karthikeyan, 2001a, 2001b). 
Botanical names and citations were checked 
with the help of database plants of the world 
online (POWO). Herbariums of taxa were 
prepared by following standard method of Jain 
and Rao (1977). One set of herbarium sheets 
have been deposited to BSI Puneand SNJB's 
ACS College Chandwad.

Results and Discussion:

Description of all 15 taxa is given below
Argyreia sericea Dalz. & Gibs. Bombay. Fl. 
169. 1861; C. B. Cl. in Hook. f. Fl. Brit. India 4: 
188. 1883; Cooke, Fl. Pres. Bombay 2: 326. 
1958 (Repr.); Singh et al., Fl. Maharashtra, 
Dicot. 2: 446. 2001.
Twiner, height 03-05 m. Leaves 04-07 x 03-05 
cm, alternate, petiole 02 cm long, densely 
pubescent above, lower surface silky, apex 
acuminate, cordate base, margin wavy. Stem 
twinning, densely white silky, terete. 
Inflorescence capitate cyme, 04 cm long 
peduncle, flowers 06 in number, corolla 04 cm 
long, colour pink, calyx densely silky hairy.
Flowering and Fruiting: Almost throughout 
the year
Localities:Koldher, Sadetin Rodaga, Indrai
Exsiccata: SDW-1060
Notes: It grows inside bushes as well as 
spreading on ground.
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Cuscuta cassytoides Nees ex Engelm. 
Trans. Acad. Sci. St. Louis 1: 513 (1859); 
Cuscuta reflexa Roxb. Pl. Cor. 2: 3, t. 104. 
1798; C.B.Cl. in Hook. f. Brit. India 4: 225. 
1883; Cooke, Fl. Pres. Bombay 2: 292. 1958 
(Repr.); Yuncker in Mem. Torr. Bot. Club 18: 
259, f. 130 & 130, A–F. 1932; Sant. & Patel in J. 
Bombay nat. Hist. Soc. 54 :712, f. A, 1-7. 1957; 
P. K. Bhattacharya & S. K. Mukerjee in Ind. J. 
For. 1: 162. 1978; Singh et al., Fl. Maharashtra, 
Dicot. 2: 492. 2001.
 Parasitic twiner, stem terete, colour 
yellow, with red marks on surface, flowers 
pedicillate, 06-09 mm in length, bracteate in 
cymose clusters, pedicels 02-03 mm in length, 
somewhat fleshy, corolla white in colour, 
infundibuliform, length 06-09 mm, margin of 
corolla somewhat wavy, stamens short in 
length than corolla tube, seeds suborbicular, 
01-02 in numbers.
Flowering and Fruiting: December-April
Localities: Indrai
Exsiccata: SDW-1208
Notes: It twinning on Bauhinia sp &Ficus sp.

Dinetus racemosus (Roxb.) Sweet. Brit. Fl. 
Gard. 2: t. 127. (1825); Porana racemosa 
Roxb. Fl. Ind. 2:41. 1824; Sharma et al. in Bio. 
Mem. 2 (1 & 2) : 97. 1977. P. malabarica C. B. 
Cl. in Hook. f. Fl. Brit. India 4: 223. 1883; 
Cooke, Fl. Pres. Bombay 2: 294. 1958 (Repr.); 
Singh et al., Fl. Maharashtra, Dicot. 2: 480. 
2001.
 Twiner, height 30-40 cm. Leaves 03-
06 x 02-04, alternate, ovate, margin entire, 
acuminate apex, base deeply cordate, slightly 
pubescent above, petiole 02 cm long. Stem 
twinning, terete, pubescent. Inflorescence 
panicle, leafy bracts. Flower pink in colour, 
pedicel 01 cm in length, capsule 0.8 cm long.
Flowering and Fruiting: November-
December
Localities: Sadetin Rodaga, Indrai
Exsiccata: SDW-1045
Notes: It grow on soil rich moist places on hill 
slopes.

Evolvulus alsinoides (L.) L. Sp. Pl. ed. 2, 2: 
392. 1762; C.B.Cl. in Hook. f. Fl. Brit. India 4: 
220. 1883; Cooke, Fl. Pres. Bombay 2: 297. 
1958 (Repr.); Austin & Ghazanfar in Nasir & Ali, 

Fl. W. Pak. 126: 32, f. 5, A–B. 1979; Austin in 
Dassan. & Fosb. Rev. Handb. Fl. Ceylon 
1:309. 1980. Convolvulus alsinoides L. Sp. Pl. 
157. 1753; Singh et al., Fl. Maharashtra, Dicot. 
2: 453. 2001.
Herb, height 15-20 cm. Leaves 01-1.8 x 0.4-
0.5 cm, alternate, elliptic, obovate, pubescent 
on surface, apex acute, base acute, petiole 0.1 
cm long, margin entire & ciliate. Stem sub erect 
or prostrate, quadrangular, silky pubescent. 
Flowers solitary, axillary, pedicel 1.5 cm long, 
colour blue.
Flowering and Fruiting: July-December
Localities:Baladya, Sadetin Rodaga, Indrai, 
Chandreshwari, Koldher
Exsiccata: SDW-23
Notes: It grows on gravelly hill slopes and in 
rock crevices.

Ipomoea biflora (L.) Pers. Syn. Pl. 1. 183. 
1805; Ipomoea sinensis (Desv.) Choisy in 
Mem. Phys. Soc. Geneve 6: 459.1834. 
Convolvulus chinensis Desv. in Lam. Encycl. 
3: 557. 1791. Ipomoea calycina C. B. Cl. in 
Hook. f. Fl. Brit. India 4: 201. 1883; Cooke, Fl. 
Pres. Bombay 2: 311. 1958 (Repr.); Singh et 
al., Fl. Maharashtra, Dicot. 2: 471. 2001.
 Annual herb, prostrate or twining, 
stem pilose, 2.4 cm in length. Leaves simple, 
triangular to ovate, petiole 02-04 cm in length, 
margin entire, cordate at base with round basal 
lobes, 01 to 03 flowered cymose inflorescence, 
corolla funnel shaped, white in colour, 06-08 
mm long, ovary conical type, style short, 
stigma purplish capsule globose, glabrous.
Flowering and Fruiting: October-December
Localities: Indrai, Sadetin Rodaga, Rawalya, 
Chandreshwari
Exsiccata: SDW-1010
Notes: It grows inside bushes

I. cairica (L.) Sweet, Hort. Brit. 287. 1827; 
Sant. in Rec. Bot. Surv. India 16(1): 193. 1953; 
Naik, Fl. Marathwada 1: 586. 1998. 
Convolvulus cairicus L. Syst. ed. 10: 922. 
1759. Ipomoea palmate Forssk. Fl. 
Aeg.–Arab.43. 1775; C.B.Cl. in Hook. f. Fl. Brit. 
India 4: 214. 1883; Singh et al., Fl. 
Maharashtra, Dicot. 2: 485. 2001.
Twiner, height 30-40 cm. Leaves 03-06 x 04-06 
cm, alternate, palmately compound, cut into 05 



deep lobes. Stem twinning, angular, branched. 
Flowers colour violet, corolla funnel shaped, 
4.5 cm long. Capsule 01 cm across.
Flowering and Fruiting: September-October
Localities: Chandreshwari, Baladya
Exsiccata: SDW-325
Notes: It grows on middle plateaus near old 
walls.

I. eriocarpa R. Br. Prodr. 484. 1810; C. B. Cl. in 
Hook. f. Fl. Brit. India 4: 204. 1883; Cooke, Fl. 
Pres. Bombay 2: 312. 1958 (Repr.); Ooststr. in 
Steenis, Fl. Males. 1, 4: 462, f. 35. 1953; Austin 
& Ghazanfar in Nasir & Ali, Fl. W. Pak. 126: 41, 
f. 6, A–B. 1979; Singh et al., Fl. Maharashtra, 
Dicot. 2: 463. 2001.
Twiner, height 0.5-01 m. Leaves 03-06 x 01-2.5 
cm, pubescent on both surface, apex 
acuminate, base cordate, petiole 01-03 cm 
long, margin entire. Stem twinning, pubescent, 
terete. Inflorescence axillary cyme, flowers 
white in colour. Capsules 0.4 x 0.3 cm, densely 
hairy at apex.
Flowering and Fruiting: September-October
Localities: Rajdher, Sadetin Rodaga, 
Chandreshwari, Baladya
Exsiccata: SDW- 890
Notes: It grows inside bushes.

I. hederifolia L. Syst. Nat. ed. 10. 925. 1759; 
Austin & Ghazanfar in Nasir & Ali, Fl. W. Pak. 
126: 43. 1979. I. coccinea auct. non L. 1753; 
C.B.Cl. in Hook. f. Fl. Brit. India 4: 199. 1883. 
Quamoclit coccinea Moench. Method. 453. 
1795; Cooke, Fl. Pres. Bombay 2: 330. 1958 
(Repr.); Singh et al., Fl. Maharashtra, Dicot. 2: 
463. 2001.
Twiner, height 0.5-1.3 m. Leaves 2.5-4.5 x 03-
05 cm, alternate, ovate, acumianate at apex, 
cordate at base. Stem twinning, angular. 
Flowers in lax cyme, red in colour, corolla 03 
cm long. Capsules 0.4 x 0.4 cm.
Flowering and Fruiting: October-November
Localities: Chandreshwari 
Exsiccata: SDW- 335
Notes: It twinning on branches of Acacia sp.

I. nil (L.) Roth, Cat. Bot. 1: 36. 1797; Ooststr. in 
Steenis, Fl. Males. 1, 4: 465. 1953; Austin in 
Dassan. & Fosb. Rev. Handb. Fl. Ceylon 1: 
332. 1980. Convolvulus nil L. Sp. Pl. ed. 2. 219. 

1762. Ipomoea hederacea auct. non Jacq. 
1786; C.B.Cl. in Hook. f. Fl. Brit. India 4: 199. 
1883; Cooke, Fl. Pres. Bombay 2: 321. 1958 
(Repr.); Singh et al., Fl. Maharashtra, Dicot. 2: 
465. 2001.
Twiner, height 01-02 m. Leaves 05 x 04 cm, 
alternate, ovate, acuminate apex, deeply 
cordate base, petiole 04 cm long, upper 
surface hairy, margin entire. Stem twinning, 
soft, terete, pilose. Inflorescence 03-04 
flowered cyme, peduncle 07 cm long, pedicel 
01 cm long. Flower colour magenta.
Flowering and Fruiting: September-October
Localities: Rawalya, Baladya, Sadetin 
Rodaga, Chandreshwari, Rajdher.
Exsiccata: SDW- 175
Notes: It grows inside Euphorbia sp. 

I. ochracea (Lindl.) Sweet. Hort. Brit., ed. 2: 
371 (1830); Convolvulus tr ichocalyx 
Schumach. & Thonn. C.F.Schumacher, Beskr. 
Guin. Pl.: 91 (1827); I. clarkei Hook. f. Fl. Brit. 
India 4: 734. 1885; Cooke, Fl. Pres. Bombay 2: 
314. 1958 (Repr.); Billore & Singh in Indian 
Forester 98: 147. 1972; Singh et al., Fl. 
Maharashtra, Dicot. 2: 460. 2001.
Twiner, prostrate, height 01-1.5 m. Leaves 1.5-
2.5 x 1.5-02 cm, alternate, apex acuminate, 
cordate base, pubescent on both surface, 
petiole 01-1.5 cm long. Inflorescence axillary 
01-02 flowered cyme, peduncle 02-3.5 cm in 
length, pubescent, corolla yellow in colour, 3.5 
cm long, funnel shaped.
Flowering and Fruiting: July-August
Localities: Baladya 
Exsiccata: SDW- 488
Notes: It hanging on cliffs.

I. obscura (L.) Ker–Gawl. Bot. Reg. 3, t. 239. 
1837; C.B.Cl. in Hook. f. Fl. Brit. India 4: 207. 
1883; Cooke, Fl. Pres. Bombay 2:317. 1958 
(Repr.); Naik, Fl. Marathwada 1: 591. 1998. 
Convolvulus obscurus L. Sp. Pl. ed. 2: 220. 
1762. Ipomoea curassavica All. Auct. Syn. 10. 
1773; Dandy in Taxon 19: 622. 1970; Singh et 
al., Fl. Maharashtra, Dicot. 2: 466. 2001.
Climbing herb, 01-1.5 m. Leaves 02-04 x 02-04 
cm, alternate, orbicular, cordate at base, 
acuminate at apex, hairy on both surfaces, 
petiole 01-04 cm long, hairy. Stem erect, 
branched, angular, hairy. Flowers axillary, 
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peduncle 02-06 cm long, corolla white.
Flowering and Fruiting: August-January
Localities: Sadetin Rodaga, Koldher
Exsiccata: SDW- 721
Notes: It grows under shady places.

I. parasitica (Kunth) G.Don in Cooke, Fl. Pres. 
Bombay 2: 294. 1958 (Repr); Convolvulus 
parasiticus Kunth. F.W.H.von Humboldt, 
A.J.A.Bonpland & C.S.Kunth, Nov. Gen. Sp. 3: 
163 (1819); Pharbitis parasitica (Kunth) V.M. 
Badillo H.F. Pittier & al., Cat. Fl. Venez. 2: 321 
(1947).
Twiner, stem woody at base & herbaceous at 
upper portion, cylindrical, hollow. Leaves 
simple, alternate, 04-20 x 02-18 cm, shape 
ovate, acuminate at apex, base cordate, 
flowers axillary, inflorescence few flowered 
cyme, peduncle hairy, up to 25 cm long, 
capsules ovate to globular, seeds black in 
colour, 04.
Flowering and Fruiting:September-October
Localities: Chandreshwari Plateau
Exsiccata: SDW- 268
Notes: It grows near seasonal ponds.

I. triloba L. Sp. Pl. 161. 1753; Ooststr. in 
Steenis, Fl. Males. 1, 4: 468, f. 41. 1953; 
Fernandes et al. in J. Bombay Nat. Hist. Soc. 
52: 661. 1954; Austin in Dassan. & Fosb. Rev. 
Handb. Fl. Ceylon 1: 341. 1980; Singh et al., Fl. 
Maharashtra, Dicot. 2: 472. 2001.
Herb, height 01-02 m. Leaves 2.4-5.4 x 2.5-04 
cm, alternate, triangular, three lobed, apex 
acute, base cordate, margin entire. Stem 
angular, twinning, hairy. Inflorescence axillary 
cyme, flowers pink in colour, corolla 01-1.5 cm 
in length. Capsule 0.4 cm in length.
Flowering and Fruiting: September-
December
Localities: Chandreshwari Plateau.
Exsiccata: SDW- 571
Notes:It grows in open grasslands

Rivea hypocrateriformis (Desr.) Choisy in 
Mem. Soc. Phys. Geneve 6: 408. 1834; C. B. 
Cl. in Hook. f. Fl. Brit. India 4: 184. 1883; 
Cooke, Fl. Pres. Bombay 2: 323. 1958 (Repr.); 
Austin & Ghazanfar in Nasir & Ali, Fl. W. Pak. 
126: 60, t. 8, D–E. 1979. Convolvulus 

hypocrateriformis Desr. in Lam. Encycl. 3: 561. 
1792; Singh et al., Fl. Maharashtra, Dicot. 2: 
480. 2001.
Climber, height 02-03 m. Leaves 1.5-3.5 x 02-
03 cm, alternate, upper surface glabrous, 
lower surface pubescent, obtuse apex, 
cordate base, undulate margin, petiole 01-02 
cm
long. Stem stout, hairy, terete. Flower single, 
white, calyx ovate-oblong in shape, apex 
obtuse. Capsule 0.9-0.11 cm in diameter.
Flowering and Fruiting: September-October
Localities: Chandreshwari, Rahud Ghat
Exsiccata: SDW- 662
Notes:It grows inside Euphorbia sp. 

Stictocardia tiliifolia (Desr.) Hallier. f. Bot. 
Jahrb. Syst. 18: 159 (1893); I. campanulata L. 
Sp. Pl. 160. 1753; Cooke, Fl. Pres. Bombay 2: 
316. 1958 (Repr.); Austin et al. in Brittonia 30: 
196. 1978. I. campanulata var. illustris C. B. Cl. 
in Hook. f. Fl. Brit. India 4: 211. 1883. I. illustris 
(C. B. Cl.) Prain, Bengal Pl. 2: 735. 1903; 
Ooststr. In Steenis, Fl. Males. 1, 4: 485. 1953; 
Naik, Fl. Marathwada 1: 589. 1998.
Twiner, height 02-03 m. Leaves 07-10 x 05-08 
cm, alternate, orbicular, acuminate apex, base 
cordate, petiole 2.5 cm long, undulate margin, 
leaf surface glabrous. Stem twinning, terete, 
woody. Inflorescence axillary cyme, flowers 
06-08 in number, corolla purple in colour with 
dark centre, pedicillate, peduncle 06 cm long.
Flowering and Fruiting: September-October
Localities: Sadetin Rodaga, Koldher
Exsiccata: SDW- 1064
Notes: It grows near seasonal streams 
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