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ABSTRACT 
The present work highlights the use of the methanolic extract of the flowers of Tagetes erecta as an acid-base indicator in acid-

base titrations. This natural indicator is easy to extract as well as easily available. Indicators used in titration show well marked 

changes of colour in certain intervals of pH. Most of these indicators are organic dyes and are of synthetic origin. Today synthetic 

indicators are the choice of acid-base titrations. But due to environmental pollution, availability and cost, the search for natural 

compounds as an acid-base indicator was started. Herbal indicators are evaluated by using strong acid-strong base, strong acid-

weak base, weak acid-strong base and weak acid weak base. In all these titrations the methanolic extract of the flowers of Tagetes 

erecta was found to be very useful, economical, simple and accurate for acid base titration. 
 

Key words: Acid-base titration, Tagetes erecta, Herbal indicator, Methanolic extract 

 
1. INTRODUCTION 
An indicator is a substance that reveals through characteristic colour changes, the degree of acidity or basicity of 

solutions. Indicators are weak organic acids or bases which exist in more than one structural form (tautomers) of 

which at least one form is colour. Intense colour is desirable so that very little indicator is needed; the indicator itself 

will thus not affect the acidity of the solution. Acid-base indicators are commonly employed to mark the end of an 

acid-base titration or to measure the existing pH of a solution. The indicator range is the pH interval of colour change 

of the indicator. The table lists many of the common indicators, their ranges of pH and colour change, and pK values. 
 

Table-1: Common-acid base indicators 

Common name pH range Colour change (acid to base) pK 

Methyl violet 0–2, 5–6 Yellow to blue violet to violet 2.3 

Metacresol purple 1.2–2.8, 7.3–9.0 Red to yellow to purple 1.5 

Thymol blue 1.2–2.8, 8.0–9.6 Red to yellow to blue 1.7 

Tropeoline (Orange IV) 1.4–3.0 Red to yellow 2.1 

Bromphenol blue 3.0–4.6 Yellow to blue 4.1 

Methyl orange 2.8–4.0 Orange to yellow 3.4 

Bromcresol green 3.8–5.4 Yellow to blue 4.9 

Methyl red 4.2–6.3 Red to yellow 5.0 

Chlorphenol red 5.0–6.8 Yellow to red 6.2 

Bromocresol purple 5.2–6.8 Yellow to purple 6.4 

Bromothymol blue 6.0–7.6 Yellow to blue 7.3 

Phenol red 6.8–8.4 Yellow to red 8.0 

Cresol red 2.0–3.0, 7.2–8.8 Orange to amber to red 8.3 

Orthocresolphthalein 8.2–9.8 Colourless to red 8.9 

Phenolphthalein 8.4–10.0 Colourless to pink 9.7 

Thymolphthalein 10.0–11.0 Colourless to red 9.9 

Alizarin yellow GG 10.0–12.0 Yellow to lilac 11.2 

Malachite green 11.4–13.0 Green to colourless 12.4 
 

The plant Tagetes erecta locally known as Marigold belongs to the family Asteraceae (Compositae). It is a stout, 

branching herb, native of Mexico and other warmer parts of America and naturalized elsewhere in the tropics and 

subtropics including Bangladesh and India. It is very popular as a garden plant and yields a strongly aromatic essential 

oil (tagetes oil), which is mainly used for the compounding of high-grade perfumes. Different parts of this plant 

including flowers are used in folk medicine to cure various diseases. Leaves are used as antiseptic and in kidney 

troubles, muscular pain, piles and applied to boils and carbuncles. The flowers are used as antibacterial, antimicrobial, 

mosquitocidal, hepatoprotective, insecticide, anti-oxidants and analgesic 
1-10

 and are also employed in diseases of the 

eyes. They are said to purify blood and flower juice is given as a remedy for bleeding piles and also used in 

rheumatism, colds and bronchitis. Phytochemical studies of its different parts have resulted in the isolation of various 

chemical constituents such as thiophenes, flavonoids, carotenoids and triterpenoids. The plant Tagetes erecta has been 
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shown to contain quercetagetin, a glucoside of quercetagetin, phenolics, syringic acid, methyl-3,5-dihydroxy-4- 

methoxy benzoate, quercetin, thienyl and ethyl gallate. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant material 
Fresh flowers of Tagetes erecta were collected from the medicinal gardern Anurag Pharmacy College during 

November 2011 and identified taxonomically in Dept of Pharmacognosy, Anurag Pharmacy College, Kodad, Andhra 

Pradesh, India. The fresh flowers were cleaned and cut into small pieces. 100gm of these pieces were macerated with 

150 ml of solution containing 9 parts of methanol and 1 part of dilute hydrochloric acid for 3 hrs. The extract was 

preserved in tightly closed container and stored away from the direct sun light. Analytical grade reagents were made 

available by Anurag Pharmacy College. Reagents and volumetric solutions were prepared as per Indian Pharmacopeia. 

The experiment was carried out by using a same set of glass wares for all types of titrations. The reagents 

were not calibrated: as same aliquots were used for both titrations i.e. titration by using standard indicator and fruit 

extract. 

5 ml of titrant and 3 drops of indicator was titrated. Each titration was carried five times and results were 

recorded. Mean and standard deviations were calculated from the results. The Methanolic extract of fresh flowers of 

Tagetes erecta was screened for its use as indicator for Acid-Base titration and the results of this screening were 

compared with the results obtained by using standard indicators. 
 

3. RESULTS AND DISCUSSION 
The flowers was screened for its use as an indicator in acid base titration and the results were compared with the 

results obtained by standard indicators methyl red, phenolphthalein. The results of the screening for strong acid- 

strong base (HCl & NaOH), strong acid -weak base (HCl & NH3), weak acid-strong base (CH3COOH & NaOH) and 

weak acid-weak base (CH3COOH & NH3) are listed in Table-2. 

 

Table-2: Parameters for titration 

Titrant Titrand 
Indicator colour change and (Ph range) 

Standard Flower Extract 

HCl NaOH Colorless to pink (PH) Pink to colourless 

HCl NH3 HCl Red to yellow (MR) Pink to colourless 

CH3COOH NaOH NaOH Colorless to pink (PH) Pink to colourless 

CH3COOH NH3 CH3COOH NH3 Yellow to red (PR) Pink to colourless 

Key: PH=Phenolphthalein, MR= Methyl Red PR=Phenol Red 
 

The screening was carried out using three different molar strength of acids and alkalis viz. 0.1, 0.5, 1.0 M. For all 

types of titrations equivalence point obtained by the flower extract either exactly or very closed with the equivalence 

point obtained by the standard indicators are shown in table-3. This represents the usefulness of flower extract as an 

indicator in acid base titration .Its use in weak acid and weak base was found to be more significant over standard 

indicator as it gives sharp colour change in a narrow pH range. The results obtained showed that the routinely used 

indicator can be replaced successfully by flower extracts. 
 

Table-3: Mean volume (in ml) at the equivalence point for titrations 

Strength 

(in M) 

Hydrochloric acid v/s 

Sodium Hydroxide 

Hydrochloric acid 

v/s Ammonia 

Acetic acid v/s 

Sodium Hydroxide 

Acetic acid v/s 

Ammonia 

PH FE PH FE PH FE PR FE 

0.1 7.6±0.19 7.5±0.13 7.4±0.20 7.2±0.23 7.9±0.20 7.8±0.14 9.2±0.30 9.1±0.26 

0.5 8.1±0.39 8.1±0.32 7.8±0.24 7.6±0.32 8.1±0.24 8.0±0.32 9.4±0.42 9.3±0.31 

0.1 10.1±0.31 10.2±0.12 9.5±0.30 9.4±0.31 9.8±0.30 9.7±0.30 10.0±0.60 10.1±0.42 

Mean of five titrations ± S.D, Key: M= Molar strength, PH=Phenolphthalein, MR=Methyl red, FE=Fruit extract, 

PR=Phenol Red 
 

Thus natural indicator employed in the acid base titrations was found economic, safe and an efficient alternative for 

traditional indicators. In comparison to this, chemical indicators were found more expensive and hazardous, which 

proves that flower extract of Tagetes erecta as a natural indicator is more worthy. 
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ABSTRACT 
In this study a commercial charcoal derived walnut shell was used for the adsorption of ions by U.V-Visible absorption 

spectroscopy technique. Various operating parameters studied were adsorbent dosage, pH, contact time and temperature The 

effect of contact time was investigated and found that the adsorption process of  Fe+3, Cr+3 ions on charcoal derived from walnut 

shell surface was reached at completed equilibrium within 60 min while the adsorption of Cd+2 was reached equilibrium within 

30 min .The effect of  the weight of the charcoal derived on the adsorption process was studied a group weight in the range (0.05-

0.2 g).The extent of the adsorption found to decreased the temperature increased i.e, exothermic adsorption .The thermodynamic 

parameters ΔG, ΔH, ΔS were calculated and explained in the mean of the chemical structure of the adsorbate which the values of  

removal percentage% and Distribution ratio (Kd).The Freundlich and Langmuir isotherm equations were applied to the data and 

values of parameter of these isotherms equations were evaluated the adsorption.  
 

Key Words: Fe+3, Cr+3, Cd+2 ions, Adsorption, Walnut shell, isotherms. Freundlich, Langmuir  

 
1. INTRODUCATION  
The fact that using organic compounds and heavy metal in different industry branches becomes more and popular 

nowadays causes the increase in the pollution of water .These impurities often occur in many waters simultaneously. 

At the same time, the maximum values of their permissible concentrations have become decreased in drinking waters
1
. 

The pollution caused by heavy metal was determental effect on the environment all over the world .For 

example ,a variety of toxic effects on aquatic organisms can be produced by endangering ecosystems; human health 

can be directly or indirectly influenced by multiple channels such as touching with skin, drinking water, and food 

chain
2
. Adsorption on low cost-adsorbent for removal of toxic metals from wastewater was investigated extensively

3
. 

Chromium and its compounds are toxic metals introduced into natural water from a variety of industrial wastes. The 

major sources are from leather tanning, textile dyeing, electroplating and metal finishing industries which cause severe 

environment and public health problems
4
. Cadmium is one of the most toxic metals affecting environment. It is 

extensively used by many industries such as electroplating, painting and battery manufacture. Effluents discharged 

from these industries contain undesired amount of cadmium
5
. The harmful effects of Cd

+2
 can be included as the 

following: a number of acute and chronic disorders, such as itai-itai disease, renal damage, emphysema, hypertension 

and testicular atrophy
6
. The present of iron in ground and industrial water becomes toxic at high level and then may 

cause environmental and human health problems
7,8

. Several methods were proposed for the removal of mental ions as 

ions exchange
9
, filtration

10
, coagulation

11
, electrochemical deposition

12
, and adsorption

13
. Some of the adsorption 

processes developed for removal of metal ions using biosorbents include tea waste
14,15

, food waste
16

, sugarcane 

bagasse
17 

,degreased coffee seeds
18

, saw dust
19-21

, eucalyptus bark
22

, mango peel waste
23

, rice husk
24

, leaf powders
25-28

, 

tobacco dust
29

, coconut shell
30

. 

The aim of this study was to investigate the effect on removal of ions adsorbed on charcoal derived from 

walnut shell. The influence of experimental parameters such as pH, contact time, adsorbent dose, temperature. The 

adsorption process is studied from isotherm standpoint. 
 

2. EXPERIMENTAL   
 

2.1 Materials  
(CrCl3.6H2O, CdCl3.H2O) were purchased from B.D.H. (97% Purity), and (Fe2(SO4)3) were purchased from fluka 

(98% purity). 

 

2.2 Instruments 
The following instruments were used through out the work 

1. Spectrophotometer T604 ,pg,Instruments ,LTD  

2. sensitive Balance  –W-Germany  

3. pH-meter HANNA,Portugal  

4. Oven memmert ,Edelstahi,Germany  

5. Shaker Bath, Indicator GCA, Chicago  

6. Centrifugal, Herouse, septch 
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2.3 Preparation of charcoal derived  
The charcoal derived used in this study was prepared by pulverizing the walnut shell into powder by laboratory 

pulverize, washed and dried in oven. It was then kept in furnace up to 600C° for two hours
31

. 
 

2.4 Preparation of ions solutions  
Standard  stock solutions of 500 ppm of  Fe

+3
,Cr

+3
,Cd

+2 
ions were prepared by dissolving 0.1g of ions compounds in a 

minimum amount of distilled water in a 200ml volumetric flask and volume was made up to the mark with distilled 

water. Solutions of different 5-50ppm concentrations were prepared by serial dilutions from the stock solution. 

Absorbance values of these solutions were measured at the selected λmax value for each ion and plotted against the 

concentration values. The Calibration curves in the concentrations range that fall in the region of applicability of Beer-

Lambert's law were employed. 
 

2.5 Methods 
Removal of ions from aqueous solution on charcoal derived was performed by batch method by shaking 0.1g of 

charcoal derived with 35ml of Cd
+2

, Cr
+3

 ions solutions and 0.15g of charcoal derived with 20 ml of Fe
+3

 ion solution 

with initial metal ion concentration of 50ppm. 

The suspensions were examined, each at different temperature of 292, 302, 312, 322, 332 K . At each 

temperature, shaking of suspensions was interrupted at different contact time 30, 60, 90, 120, 150, 180, 210 min and 

the suspensions were filtered The concentration of ions remained in the adsorption were determined using U.V-Visible 

spectrophotometer .The particle size of charcoal derived used of 600µm .The effect of pH on adsorption of ions onto 

charcoal derived was investigated by varying the solution pH from 2 to 14. 
 

2.6 Calculating the quantity adsorbed 
The quantities of ions adsorbed were calculated according to the following equation 

(32) 

 

Qe    = 
Vsol (Co-Ce) 

m 

Qe = the amount of adsorption (mg/g) 

Co = initial concentration (mg/L) 

Ce = equilibrium concentration (mg/L) 

V = volume of solution (L) 

M = weight of charcoal derived (g) 
 

3. RESULTS AND DISCUSSION 
 

3.1 Influence of contact time 
The nature of the adsorption of ions on charcoal derived as a function of time at a fixed initial concentration 50ppm 

was studied, for each ion at different times between 30, 60, 90, 120, 150, 180, 210 min .From the experimental data, it 

was observed that the amount of adsorption increasing, with optimum contact time up to 30 min of Cd
+2

, and 60 min 

for Fe
+3

, Cr
+3

. The amount of adsorption was ranged between 9.473-13.895 mg/g of ions, because of charcoal derived 

contain atoms which bonded with ions
33

, Figure-1. 

 

 
Fig-1: Effect of contact time for ions on charcoal derived 

 

3.2 Effect of weight of charcoal derived 
The effect of the weight of the charcoal derived on the adsorption process was studied using several weights ranged 

between 0.05-0.2g at optimum pH at room temperature. It was found that the amount of adsorption increasing of 

Figure(1):Effect of contact time for ions on  charcoal derived
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optimum weight from charcoal derived in the Cr
+3

, Cd
+2

 0.1g  and the adsorption capacity 13.895mg/g, 12.810mg/g, 

while 0.15g of  Fe
+3

 and the adsorption capacity 9.473mg/g. This means any increase in the weight of adsorbent had 

no effect because of the perfect saturation of centers of adsorbent by ions compounds Figure-2. 

 

 
Fig-2: Effect of weight adsorbent for ions on charcoal derived 

3.3 Effect of pH Solution 
Adsorption experiments were performed over a range of pH 2-14 for the best initial ions concentration 50ppm and 

optimum contact time 30, 60 min. 

The maximum amount of adsorption by ions Cd
+2

 , Cr
+3

 and Fe
+3

  were 12.180mg/g , 13.895mg/g and 

9.473mg/g respectively, at pH =7, the negative chare of charcoal, become contend between H
+
 ion and ions which 

bonded with oxygen atoms, the decrease amount of adsorption above and low pH=7. The results may be considered in 

general as a consequence of the competition between solvent – surface, solvent – solute and solute – surface 

interaction as the pH varied
34

 Figure-3. 

 
Fig-3: Effect of pH solution for ions on charcoal derived 

 

3.4 Adsorption of metals on charcoal derived 
The adsorption of  Fe

+3
, Cd

+2
 and Cr

+3
 on charcoal derived as a function of their concentration were studied at 292⁰k 

by varying the metal concentration from 5-50 ppm, while keeping all other parameters constant. The results are shown 

in Figure-4. 

 
Fig-4: Isotherms adsorption for ions on charcoal derived 
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The amount of adsorption for ions increasing with increasing equilibrium concentration in aqueous solutions. The 

results indicate that energetically lost favorable sites become in evolved with increasing equilibrium concentration in 

the aqueous solution. 
 

3.5 Effect of temperature 
The temperature dependence of ions on charcoal derived was studied at different temperature 292, 302, 312, 322, 332 

K. The considerable decrease in the amounts of ions adsorbed with temperature confirms the exothermic nature of the 

process. The enhancement of adsorption capacity of charcoal derived, with decreasing temperature is attributed to the 

possible decrease in the number of active sites available for adsorption on the surface
35

 Figure-5. 

 
Fig-5: Effect of Temperature of ions on charcoal derived 

 

3.6 Thermodynamic parameters 
The thermodynamic parameters for the adsorption of ions on charcoal derived such as ΔH, ΔG and ΔS were studied. 

The heat of adsorption (ΔH) may be obtained from the equation
36

 Figure-6. 

 

 
Fig-6: Relation betweem log Xm and 1/T on charcoal derived 

 

The change in free energy (ΔG) could be determined from the equation
31

.      

                 
 

ΔG = -RT ln  Kads 

Kads = qe / Ce 

 

Table-2: Thermodynamic values and surface coverage for ions using charcoal derived at 292K 

Ions ΔH(KJ.mol
-1

 )- ΔG(KJ.mol
-1

.k
-1

 ) -ΔS(J.mol
-1

.k
-1

 ) θ 

Cr
+3

 6.384 5.55 40.86 0.79 

Fe
+3

 5.177 1.42 22.59 0.72 

Cd
+2

 6.189 2.45 29.58 0.73 

 

The change in entropies (ΔS) and surface coverage was calculated from Gibbs equation
37

 Table-2 shows that  ΔH, ΔG, 

ΔS value of ions  adsorption. 

ΔG= ΔH – TΔS 

θ = 1- Ce/Co 

Where θ is the surface coverage Co,Ce are initial and equilibrium dye concentrations respectively . 

Figure(5): Effect of temperature of ions on charcoal derived
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3.7 Adsorption isotherm 
The experimental date are analyzed according to the linear form of the Freundlich and Langmuir isotherm. The 

Freundlich isotherm is represented by the following equation
38

. 
 

LogQe    =     logKf     +      
1 

log Ce 
n 

Where:  

Qe is the amount of ions adsorption (mg/g)  

Ce is the equilibrium concentration of ion (mg/L) 

k,f are the  constants equation. 
           

In corporating all factors affecting the adsorption capacity and intensity of adsorption, respectively. Linear plot of log 

Qe versus log Ce as shown in Figure-7 shows that the adsorption of ions follows also the freundlich isotherm.  

The numerical value of 1/n >1 indicates that adsorption capacity is only slightly suppressed at lower 

equilibrium concentration. That isotherm does not predict any saturation of the sorbent by the sorbate: thus infinite 

surface coverage is predicted mathematically, indicating multilayer adsorption on the surface
39

.
 

 

 
Fig-7: Freundlich adsorption isotherms ions on charcoal derived 

 

The Langmiur equation is also applied to study the behavior of the adsorption of ions on charcoal derived. The 

Langmiur isotherm is represented as
40 

Ce
 

= 
1 

+ a 
. Ce

 

Qe
 

Kl
 

Kl
 

Where  

Ce is the equilibrium concentration of ions in solution 

Qe is the amount of ions adsorption  

kl,a are Langmiur constants related to sorption capacity and intensity of adsorption respectively. A linear plot is 

obtained when Ce/Qe is plotted against Ce over the entire concentration rang of ions investigated Figure-8. The values 

of Freundlich and Langmiur constants and R
2
 are given Table-1. 

 

 
Fig-8: Langmuir adsorption isotherms ions on charcoal derived 
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Table-1: Freundlich and Langmuir isotherms for ions using charcoal derived at 292K 

Ions Kf n R
2
 a k R

2
 

Cr
+3

 124.3 1.620 72.4.0 72373 12711 727000 

Fe
+3

 2.217 1.842 0.9215 0.142 1.846 0.8629 

Cd
+2

 121.7 32031 72..43 7234. 12743 720077 

3.8 Determined distribution Coefficient and removal percentage values 
The distribution Coefficient and removal percentage values were calculated from equation 

(41)
. 

 

Removal %      = 

(Co-Ce) 

x 100 Co 

 

Kd              =                  
(Co-Ce) 

x VIM 
Co 

The removal and Kd values of Cr
+3

 ion on charcoal derived from walnut shell decrease from 97.4 to 60.6 % and Kd 

values from 340.9 to 212.1 when the temperature increased 292k to 332 k, Cr
+2

ion decrease from 73.2 to 55.2% and 

Kd values from 256.2 to 193.2 and Fe
+3

 ion increase from 72.4 to 55.2 % and Kd values from 253.4 to 193.2 are shown 

in Table-3. 
 

Table-3: Removal %  and Kd  values of ions  on charcoal  derived   at different temperature 

Temp. 
Cr

+3
 Cd

+2
 Fe

+3
 

Kd Removal % Kd Removal % Kd Removal % 

... 340.9 97.4 256.2 73.2 253.4 72.4 

17. 270.2 77.2 253.4 72.4 243.6 69.6 

13. 246.4 70.4 236.6 67.6 225.4 64.4 

1.. 325.9 67.4 212.1 60.6 214.9 61.4 

11. 212.1 60.6 193.2 55.2 193.2 55.2 
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ABSTRACT 
This study examines iron contamination of well water within Makurdi urban area. Water samples were collected from 15 wells 

and analysed for iron concentration as it affect the quality of drinking water. The analyses were done according to standard 

method of water examination. The results of the analyses show that 40% of wells studied exhibit elevated iron concentrations 

above the WHO limits for drinking water. The presence of iron in shallow wells of the study area may be traced to the local 

environment of the wells. These include: the geology, dissolution of iron minerals from rocks and soil, precipitation and run off, 

construction and agricultural activities. Although iron concentrations at objectionable levels were noted in some of the shallow 

wells, most residents were found using them for drinking and other domestic purposes, since the public water supply is generally 

inadequate and in most cases inaccessible. To reduce health risk some form of treatment like filtering and or reverse osmosis may 

be applied before use. 
 

Key words: iron, contamination, shallow wells, ground water 

 
1. INTRODUCTION 
High concentration of iron in ground water are wildspread and some times underrated constraints on water supply. 

Iron can cause colour change in water which may lead to a consumer rejecting such water. This kind of    water when 

used can cause staining of cloth, utensils, food and has bitter taste. All natural water contains some dissolved iron in 

traces. Iron is present in all rocks, soils and sand. Water which contains iron on exposure to air becomes reddish 

brown due to the ferric hydroxide. Long term consumption of  drinking water with high iron concentration can lead to 

Liver Disease Morris,1952 ; Lee and stump, 1960;Okagbue, 1988; Ocheri 2010; Hen 1970. In Ghana 20 to 30 % of   

wells drilled for water supplies contain excessive iron concentration. Water from these wells have been rejected by 

consumers on the account of coloration effect (peligba etal, 1991). 

 In Nigeria, several studies have been carried out in urban areas on ground water contamination, with less 

emphasis on Iron (Adesiyun etal, 1980;  Akinotola, Ayaode 1980; Iwugo, 1986; dada etal, 1988; Awalla, 2002; 

Akpabio etal, 2004; Egbulem, 2003; alhmed , 2003; Andrew,2000. Adebo and Adetoyinbo, 2009). 

In this study, attempt is made to assess Iron concentration in shallow wells (hand- dug wells) in Makurdi 

urban area. Shallow wells have become very important source of water supply for drinking and domestic use, due to 

the general inadequacy and unreliability of    pipe borne water. 

The implication is family health is endangered, if water from these wells are used for drinking. 
  

2. THE STUDY AREA 

The study area is Makurdi town, the capital of Benue State. It lies between Lat.7
0
 44

N 
and Long. 8

0
54

N
. It 

occupies a low- lying terrain of the flood Plain of lower Benue trough, averaging about 165m above sea 

level. The drainage system is dominated by  the River Benue which traverses the town into Makurdi North 

and Makurdi South banks. The geology of Makurdi is of cretaceous sediments with well bedded sandstones. 

The water table is relatively high as such well tapping is successful between 3-7m dept. (kogbe etal 1978). 

Makurdi town which started as a small river port in 1920 has grown to a population 0f 297,393 

people (NPC, 2006). 

3. MATERIALS AND METHODS 
Water samples analysed for this study were collected from 15 shallow wells across the residential area of Makurdi 

town. The water samples were analysed for Iron concentrations as it effect quality of drinking water according to the 

standard method for water examination (APHA- AWWA- PCWF, 1995).  

This is done in line with the WHO recommended guide value for drinking water. The iron concentrations in 

water were analysed using Atomic Absorption Spectrophotometric technique. (AAS) UNICAM solar 32 model was 

used.  The method is based on the absorption of radiation by free atoms in vapour state. The atoms of element whose 

lamp or hemp is being absorbed at precisely the same wave length as that emitted by its high source. The amount of 

energy at the characteristic wave length absorbed by the flame is proportional to the concentration of the element in 

the sample over a limited concentration range.  

The result of AAS analyses is shown in table 1 below. 

4. RESULTS AND DISCUSSION 
The results of analyses of Iron concentration shown in table 1 revealed that out of 15 wells studied 6 have high iron 

level above the WHO prescribed limit of 1.0mg/L for drinking water. This translates into 40% of the wells having iron 
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concentrations above WHO guide limit. The wells are W2 (North bank) 1.13mg/L, W6 (wadata) 1.81mg/L, W7 

(wadata) 1.53mg/L, W8 (wadata) 1.16mg/L, W12 (Ankp) 1.10mg/L and W13 (Ankpa) 1.33mg/L. 

 From the analyses the rest of the wells had iron concentrations below WHO guide limit for drinking water. 

The concentration level of iron was also noted to vary among the wells. 
 

Table-1: Iron Concentration in urban ground water of   Makurdi town, Benue State.[mg/l] 

 Well Location Well Code Iron concentration (Mg/L) 
WHO maximum   Allowable 

Limit (Mg/L) 

1 North Bank w1 0.22 1.0 

2  w2 1.13 1.0 

3  w3 0.09 1.0 

4  w4 0.05 1.0 

5  w5 0.02 1.0 

6 Wadata w6 1.81 1.0 

7  w7 1.53 1.0 

8  w8 1.16 1.0 

9  w9 0.41 1.0 

10 Ankpa w10 0.03 1.0 

11  w11 0.11 1.0 

12  w12 1.10 1.0 

13 Wailomayo w13 1.33 1.0 

14  w14 0.45 1.0 

15  w15 0.36 1.0 
 

From Table-2, iron level in the study area ranged between 0.02mg/L- 1.8mg/L, with a mean value of 0.71mg/L. 

concentration. 
 

Table-2: Descriptive Characteristics of  Iron in Urban Ground Water of  Makurdi Town, Benue State 

Min. conc. Max.conc. Mean Concentrate 

0.02mg/L 1.81mg/L 0.71mg/L 
    

The presence of Iron in these wells can be attributed to the environment surrounding these wells. These include 

geology   of the environment, precipitation and run off, infiltration, dissolution of iron mineral from rocks, soil and 

sands, Land use activities and use of iron sheet as well casings. Waters from these wells are generally of poor quality 

and therefore continuous ingestion of water from these sources may pose health implications. The distribution of iron 

in urban area of makurdi town is shown in fig-1. 
 

5. CONCLUSION 
 The study has aptly shown that most shallow wells in makurdi urban area are contaminated with high Iron 

concentrations. This exposes consumers of water from these wells to high risk of Liver disease. Treatment may be 

required to reduce such health risk. Reverse osmosis, though expensive is effective in Iron treatment in water.  

Urban water supply Agencies should make provision of good quality a top priority and not just making water 

available.  
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ABSTRACT 
In this research ,the activated charcoal derived from almonds shell was found to have a good non conventional adsorbent used for 

the adsorption of Bovine serum albumin (BSA) and egg white albumin (EWA) .In the present study pH=6 of  BSA and contact 

time of 80 min  as well as EWA of pH =2 and contact time of 80min .The effect of doses shows that activated charcoal from 

almonds shell of 0.2 g for BSA,EWA respectively .The effect of  temperature and thermodynamic functions wear also studied and 

found that the adsorption ratio decrease with increase the temperature and the reactions was exothermic and spontaneous .After 

fixing the best conditions for the adsorption .The results were analyzed by the Langmiur, Freundlich equation using linearized 

correlation coefficient ,the pseudo first order rate equation by Lagergren was tested on the kinetic. 
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1. INTRODUCTION 
Many fundamental studied in the last few years have dealt with the adsorption behavior of proteins on surface

1,2
. 

Proteins adsorption plays a vital role in determining the nature of the tissue implant interface, since the adsorption 

proteins can significantly affect biomaterial surface properties between as blood coagulation and cell adhesion
3
.
 

The interaction between biomolecules, such as proteins and cells, and biomedical device is a common 

phenomenon in vivo. It has been shown that the surface charge, topography, wettability and chemistry can have 

influences on protein adsorption process , Well known method to determine the protein adsorption include ultraviolet 

(uv) spectroscopy 
(4,5,6)

. Protein are the most abundant marcromdecules in biological cell the function of a protein 

molecule is decided by its space structure to a great extent, so the change of the specific space structure might cause 

the forfeiture of its function , even the death of whole cell
(7)

. Serum albumin the most abundant protein in the 

circulatory system , has been one of the most extensively studied proteins, in ore work , bovine serum albumin (BSA) 

is selected as ore protein model because it is well suited to these initial studies and has been extensively characterized 
(8)

. BSA is a single-chain 582 amino acid globular nonglycoprotein cross-linked with 35cystine residues (17 disulfide 

bonds and 1 free thiol). BSA has a wide rang of physiological functions involving the binding, transport, and delivery 

of fatty acid. It is divided into three linearly arranged, structurally distinct, and evolutionarily related domains (I,II and 

III) ; each domains further divided into two sub domains. BSA posses two tryptophan's Try-134 and Try-214: Try 134 

located in proximity of the protein surface
9,10

. Eggs are used in daked cereal products because of their nutritional and 

functional properties
1)

. Egg white has been successful used in the food industry as the major foaming protein , this is 

possible due to the ability of the egg while to have homogenous foams of great volume , while improvement of the 

foam stability in the presence of the other compounds or heating , therefore the use of egg white in ceramics shape 

forming has many advantages in the porous ceramic processing , egg white is non toxic , biodegradable , cheap and 

widely available 
(12)

.  

In this work the adsorption of EWA, BSA from aqueous solution on charcoal derived from were evaluated by 

UV.-Visible spectrophotometer. 

2. EXPERIMENTAL  

2.1 Materials and Instruments 
1. Bovine serum albumin were supplied by Sigma Chemical Co. 

2. Spectrophotometer T604, pg, Instruments, LTD  

3. Blance sensitive –W-Germany  

4. pH-meter HANNA, Portugal  

5. Oven memmert, Edelstahi,Germany  

6. Shaker Bath, Indicator GCA,Chicago  

7. Centrifugal, Herouse, septch  
 

2.2 Preparation of Charcoal Derived  
The charcoal derived used in this study was prepared by pulverizing the walnut shell and peach Nuclei into the powder 

in the laboratory pulverizing, washed and dried in oven. It was then kept in furnace up to 600C° for two hours
13

. 

 

2.2 Preparation of Albumine Solution 
A standard stock solution of albumine (200ppm) was prepared by dissolving (0.04gm) Boving serum albumine and 

Egg white albumine in (200ml), the volumetric flask 200ml was completed to the mark with distilled water which was 
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contained 200mg/L of albumines. Solution of different concentration were prepared by serial dilutions for range (10-

100mg/L).  

2.3 Albumine Adsorption on the Surface  
All results analytical were carried out on a UV.-visible spectrophotometer (Shimadzu) and used 1cm quartz cell. Batch 

adsorption experiments were carried out in a series of volumetric flasks of 50ml capacity and added 0.05g of charcoal 

derived from shell with 20ml of the aqueous albumins solutions in the room temperature it put the water bath shaker 

for determined time interval at a constant speed of 180rpm. Then was filtered and the residual amount of albumins 

were determined. Spectrophotometry by depending on Bear-Lambert law. 

The amount of albumins retained by surface was calculated from the relation
14

.
 

 

Qe   = 
(Co-Ce)V 

m 

Where:- 

Co = is the initial concertration (mg/L) 

Ce = is the equilibrium concertration (mg/L) 

V = is the total volume of albumines (L) 

M = is the weight of surface (g) 

Qe = is the amount of adsorption (mg/g) 
 

In this research on the effect of contect time, weight of adsorbent, PH, temperature, volume of solution. 
 

3 RESULTS AND DISCUSSION 

 

3.1 Adsorption Isotherm 
Equilibrium studies that give the capacity of the adsorption and the equilibrium relationships between adsorbent and 

adsorbate are described by adsorption isotherms which are usually the ratio between the quantity adsorbed and the 

remaining in solution at fixed temperature at equilibrium is shown Fig-1. The earliest and simplest known 

relationships describing the adsorption are the freundilsh and the Langmuir isotherm
15

. 
 

 
Fig-1: Adsorption isotherms of albumine on charcoal derived from almonds shell 

 

The Langmuir of albumin on surface. The following equation can be used to model the adsorption isotherm
(16)

Fig-2. 

 
Fig-2: Linear Freundlich for adsorption  albumine on charcoal derived from almonds shell 
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Where:- 

Ce = is the equilibrium concentration (mg/L) 

Qe = is the amount of adsorption (mg/g)  

a,KL from intercept and slope respectively are shown on Table-1.

 

The freundilsh isotherm was chosen to estimate the adsorption intensity of the adsorbent towards the adsorbent. The 

liearised form of freundlish adsorption isotherm was used to model
17

 Fig-3. 

 
Table-1: Freundlich and Langmuir isotherms for albumin using charcoal derived at 303K 

albumin Kf N R
2
 a k R

2
 

BSA 846.92 24682 264928 06222 006921 264240 

EWA 846902 006.82 264498 26444 046124 264202 
 

Log Qe = log Kf  +   1  log Ce 

n 

Where:- 

KF,n are calculated from the intercept and slops of the freundlich plots respectively are shown Table-1 
 

 
Fig-3: Linear Lingmuir of albumine on charcoal derived from almonds shell  

 

3.2 Contact Time Effect 
From Fig-4 indicate that adsorption efficiency increased with on increase in contact time before equilibrium is 

reached. The maximum contact time of BSA on charcoal derived from almonds shell was reached within 80 min, 

while EWA in 80 min greater availability of various functional groups on the surface of charcoal derived, which are 

required for interaction with anions cautions, significantly improved the binding capacity and the process proceeded 

rapidly
18

.                                    

             
Fig-4: Effect of contact time for albumine on derived charcoal from almonds shell 

 

3.3 Weight of Adsorbent Effect  
Effect of adsorbent weight change on adsorption process of the charcoal derived from almonds shell has been studied 

by using affixed concentration of  EWA, BSA and different weight (0.05,0.1,0.15,0.2) in shown Fig(5,6)the curves 

increasing the  adsorbent weight with contact time of shown the higher amount of the adsorbent in (0.2mg) of BSA, 

EWA. 

 
Fig-5: Adsorption of BSA on charcoal derived from almonds shell in different weight 
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Fig-6: Adsorption of EWA on charcoal derived from almonds shell in different weight  

 

3.4 pH Effect  
Fig-7 shows the effect of pH on the adsorption of BSA, EWA on charcoal derived from almonds shell by rang (2-14). 

The amount of adsorption is maximum at pH=2 of EWA, and pH=6 of BSA. The system is strongly pH dependent, 

because the properties of both the charcoal derived and the solution composition of albumin changes with pH
19

. 

 

 
Fig-7: Effect of PH for albumine on charcoal derived from almonds shell  

 

3.5 Initial Concentration Effect 
The initial adsorbate concentration provides an important driving force to overcome all mass transfer resistance of 

albumine between the aqueous and surface
20

. Fig (8,9) clearly shows that the albumine amount adsorption increase 

with increasing adsorbate initial concentration. The reduction in albumine amount adsorption may be ascribed to the 

fact that the number of action adsorption sites to acconnodate adsorbate albumin remains constant but with increasing 

adsorbate concentration. This may be due to the increase in the number of albumines competing for the available 

binding sites in the surface of the adsorbate. 

 
Fig-8: Adsorption of BSA on charcoal derived from almonds shell in different solution   

 
 

 
Fig-9: Adsorption of EWA on charcoal derived from in different solution 

 

 

0

0.5

1

1.5

0 20 40 60 80 100 120 140 160 180 200 220 240

C
o

-C
t/

C
o

 

Contact time(min) 

0.05
gm

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

0 5 10 15 20

C
o

-C
e
/C

o
 

pH 

BSA

0

0.5

1

1.5

2

0 20 40 60 80 100 120 140 160 180 200 220 240

C
o

-C
e
/C

o
 

Contact time (min) 

6ppm

12ppm

0

0.5

1

1.5

0 50 100 150 200

C
o

-C
e

/C
o

 

Contact time (min) 

6ppm
12ppm



Al-Khafagy 

 

75 

3.6 Temperature Effect   
The effect of temperature on the adsorption extent of albumines on surface has been studied Fig (10, 11), illustrate 

date and general shapes of albumines adsorption at (303,313,323K). The amount of adsorption decrease with increase 

in the temperature the adsorption process appeared exothermic. 

 
Fig-10: Adsorption of BSA on charcoal derived from almonds shell in different temperature  

 

 
Fig-11: Adsorption of EWA on charcoal derived from almonds shell in different temperature 

 

Thermodynamic parameters such as in free energy (∆G), enthalpy (∆H) and entropy were calculated using the 

following equation
21,23

.  

Log Xm    = 
- ΔH 

+ Constant 
2.303RT 

ΔG       = -RT ln 
Qe 
Ce 

ΔG       = ΔH - TΔS  
 

Qe, Xm: is the optimum amount of adsorption ,  

Ce: is the concentration at equilibrium  

T: is the temperature is (k) 

R: is gas constant (8.314 J.mol
-1

.k
-1

) 

The ∆H value obtained from the slope of vant Hoff plots have presented in Table-1 and Fig-12.  
 

 
 

Fig-12: Relation between log Xm and 1/T
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3.7 Kinetic Modeling  
The kinetic of adsorption by charcoal derived from almonds shell has been tested for pseudo order equation is 

expressed: 

Log (qe – qt) = log qe – K1t / 2.303 
 

Where qt and qe are the adsorption capacity at time, t at equilibrium, respectively, and k1 is the rate constant of pseudo 

first order (min
-1

)
(24)

. The values of k1 at different adsorption parameters were calculated from the plot of log (qe-qt) as 

a function of the time for the best initial albumins concert ration at pH equal to 3,6  and temperature equal to 303k 

should give a linear relationship where the slope equal to(-k/2.303) and the intercept equal to log qe, is given by 

Figure-13. 

 
Fig-13: Lagergren equation for adsorption albumine on charcoal derived from almonds shell  

 

The effect of temperature on albumins adsorption rate by almonds shell was examined further by applying the 

Arrhenius equation is:  

K = Ae
-Ea/RT

 
 

Where k1is the rate constant (min
-1

), A the pre. Exponent factor (min
-1

), which is a Measure of the accessibility of the 

reactive sites to the reactant, Ea is the Arrhenius activation energy (KJ.mo
-1

), R is the gas constant (8.314 J.mol
-1

.k
-1

) 

and T is the absolute temperature (k). 

  A plot of ln k versue 1/T yields a straight line, from which Ea and A can be obtained on the slope and 

intercept, respectively Fig-14. 

 
Fig-14: Relation between log K and 1/T  

 

A more convenient form of the above equation is: 
 

Log K = log A- Ea/2.303RT 
 

Table-2: Thermodynamic values and Active energy for albumin using charcoal derived at 121K 

albumin ΔH (Kj.mol
-1

. ) ΔG (Kj.mol
-1

 ) ΔS (j.mol
-1

.k
-1

 ) Ea (j/mol
-1

) 

BSA -25.963 -5.582 .268.- -48.346 

EWA -29.104 -7.021 -72.88 -35.326 
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ABSTRACT 
Ocimum basilicum is a common herb that is known for its ornamental and therapeutic importance. The chemical constituents 

which have been isolated from the plant include terpenoids, alkaloids, flavonoids, tannins, saponin glycosides and ascorbic acid. It 

has been reported to be hepatoprotective, immunomodulatory, antihyperglycemic, hypolipidemic, antitoxic, anti-inflammatory, 

antibacterial and antifungal. The present review is aimed to cover the phytochemical study and pharmacological investigations on 

this important medicinal herb. 
 

Keywords: Ocimum basilicum, phytochemical study, pharmacological investigations 

 
1. INTRODUCTION 
Plant kingdom presents the richest source of remedies to diverse human ailments. The WHO survey shows that 80% 

of the populations in the developing countries use herbal medicine for their health needs. Realizing the importance of 

plants in the discovery of new and safer therapeutic agents, screening of herbs for pharmacological activities and 

phytochemical constituents is one of the active fields of research round the world today.  

Ocimum basilicum L., commonly known as Sweet Basil, belongs to the genus Ocimum of the family 

Lamiaceae. Ocimum (from Greek ozo for smell) is appropriate for the genus since its various species are known for 

their peculiar strong odours. Basilicum is the Latin translation of the Greek basilikon meaning king and due perhaps 

the same reason the herb is called "Herbe Royale" in French. The Urdu/Punjabi name Niazbo is also reflective of its 

pleasant fragrance.  
 

2. TAXONOMICAL CLASSIFICATION 
Kingdom: Plantae, Phylum: Magnoliophyta, Class: Magnoliopsida, Order: Lamiales, Family: Lamiacaea, Genus: 

Ocimum, Species: basilicum 
 

3. VERNACULAR NAMES 
English: Sweet basil, Hindi: Bawari bawai, Sanskrit: Berbery, Gujarati: Sabja, Persian: Furrunji-i-mushk, Punjabi: 

Niazbo, Baluchistan: Drar khatori 

 

4. MORPHOLOGY OF PLANT PARTS 
Seed colour: Black, Seed shape: Oval, Leaf colour: Green, Leaf margin: Slightly undulate, Type of inflorescence: 

erticellaster, Flowering: October-December, Parts used: Leaves, flowering tops, essential oil 

Ocimum basilicum is a herb of medium size, strong scent with smooth or velvety touch. Leaves of the herb are 

opposite, simple, entire and ovate. They are toothed often, 3-5 cm long and petiole is slender. Its flowers are 8-12 mm 

long in cluster-like circles of 6-10 flowers. The colour of the petals can be white, pink or purplish.  Glandular as well 

as non-glandular hair are found on both sides of the leaves of the herb. 

Ocimum basilicum that is considered to have originated in the warmer parts of the Indo-Malayan regions, is 

abundantly found in tropical and hotter parts of the Indo-Pakistan subcontinent. It grows in habitats like wastelands 

and on hills and due to its ornamental and therapeutic significance it is also grown as pot plant. The pollination is 

through the aid of insects (entono-phylical).  

Nitrogen fertilization has effect in different stages of development of the herb on the leaves of O. basilicum. Mass, 

chlorophyll and essential oil yield significantly increases with nitrogen fertilization. By using four treatments (i.e. 

control and irrigated with full soil water capacity (SWC). Treatment 1, 50% SWC, treatment 2, 30% SWC and 

treatment 3, 10 % SWC) O. basilicum was subjected to deficit irrigation control. Reduced irrigation increases oil 

content to a value of 26.10 % in a very low irrigation rate (10 % SWC) compared to 19.50% of control in seeds. As 

compared to full irrigation control, photosynthesis pigments and oil content of deficit irrigation treatments did not 

notably reduce
1
. 

 

5. PHYTOCHEMICAL STUDIES 
Due to different combinations of the essential oils, various varieties of O. basilicum differ in fragrance. Different 

chemo varieties are found in different regions of the world. According to one study, the essential oil composition of  
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O. basilicum was eucalyptol (1.79%), linalool (12.63%),  α-terpineol (0.95%), eugenol (19.22%), β-elemene  (2.68%), 

α-bergamotene (3.96%), α-guaiene  (2.33%), germacrene D (8.55%), cubenol (1.78%), tau-cadinol (15.13%), camphor 

(0.70%), bornil acetate (1.97%),  β-cariophylene  (0.61%), α- cariophylene (1.67%), elixen  (2.59%), β-cadinene 

(0.80%), α-copaene (0.33%), metil eugenol (0.76%), β-farnesene (0.58%), epibiciclosesquiphelandrene (0.76%), tau 

muralol (0.96%), α-bisabolol (0.35%), δ-gurjunene (5.49%) and δ-cadinene (5.04%)
2
. In leaves extract, the total 

phenolic content has been found to be 32.23 ± 4.45
3
. From Northwest Iran the hydro distilled essential oil from aerial 

parts of O. basilicum was analyzed by GC/MS. Forty seven components making 97.9% of oil were detected. Among 

them, monoterpenoids were (77.8%), sesquiterpenoids (12.8%), oxygenated monoterpenes (75.3%), menthone 

(33.1%), estragol (21.5%), isoneomenthol (7.5%), menthol (6.1%), pulegone (3.7%), Limonene (1.5%), sesquiterpene 

hydrocarbons (8.8%), trans-caryophyllene (2.2%), germacrene D (1.4%), trans-β-farnesene (1.1%), α-amorphene 

(1.1%), α-Cadinol (2.9%), menthyl acetate (5.6%) and Methyl eugenol (1%)
4
. Phytochemical screening of aqueous 

extract and elemental analysis of O. basilicum showed the presence of saponins, tannins and cardiac glycosides. There 

were potassium, calcium, sodium and magnesium in the concentration of 28770mg/kg, 17460mg/kg, 280mg/kg and 

266mg/Kg, respectively. It is therefore concluded that, O. basilicum contains bioactive compounds and minerals that 

could enhance the curative process of health
5
. From Togo four chemotypes of estragol, methyl eugenol, 

linalool/estragol and methyl eugenol/ (E)-anethol have been reported
6
. From Sudan seven chemotypes with major 

components greater than 50%, their names being linalool/methyl cinnamate, linalool/geraniol, methyl chavicol, 

linalool, geraniol, methyl cinnamate/linalool and eugenol/linalool have been detected
7
. From Mississippi major 

chemotypes of the plant reported are bergamotene, methyl cinnamate/linalool, methyl chavicol/linalool, methyl 

eugenol/linalool, linalool, methyl chavicol, linalool/eugenol
8
. From Hungary, germacrene D and β-elemene were 

introduced as the main components of sweet basil oil
9
. From China, Croatia, Israel, Republic of Guinea, Nigeria, 

Egypt, Pakistan and Malaysia, (z)cinnamic acid methyl ester, linalool, eugenol, estragol, bergamotene, 1,8-cineol, α-

cadinol, methyl cinnamate and limonene has been listed as major components of the essential oil of sweet basil. 

Essential oil composition of the sweet basil cultivated in Romania was reported to be constituted of nineteen 

components. In one sample, linalool was identified as the main component (46.95%) and the other components were 

elemene (7.84%), farnesene (6.86%) and guaiene (5.26%). Second sample contained epibicyclo sesquiphellandrene, 

cadinene, farnesene and elemene as the major sesquiterpenoid hydrocarbons (52.97%)
 10

. For the first time, the 

presence of chicoric acid (dicaffeoyltartaric acid), which is a caffeic acid derivatized with tartaric acid, in basil leaves 

was reported
11

. Oil composition and yield of 38 basil genotypes in Mississippi was reported. In dry herbage, oil 

content varied from 0.07% to 1.92% and on the ground of oil constituents seven classes were made
12

. Chicoric acid 

levels in commercially available O. basilicum and the products of Echinacea purpurea were found. In fresh leaves, 

dried leaves and capsules and extracts of E. purpurea the concentration of chicoric acid varied from 6.48-242.50 

mg/100 or 100 ml. It was found that basil was an economical source of the specified acid
13

. The phenolic compounds 

known to be reported the most in basil are phenolic acids and flavonol-glycosides
14

. Phenolic acid class in the form of 

caffeic acid derivatives has been identified in sweet basil
14,15,16

. 
 

6. PHARMACOLOGICAL STUDIES 
Compounds extracted from plants have been used in medicine, either as they are or after chemical modification

17
. O. 

basilicum has immense ethnomedicinal applications. The essential oil of O. basilicum was tested against bacterial 

strains S.aureus, E. faecalis, E. coli, P. aeruginosa and the yeast Candida albicans. Among other Ocimum species the 

oil of O. basilicum showed best MIC against C.albicans
18

. It has been reported to be Antiviral, larvicidal, 

antinociceptive, antimicrobial
18, 19, 20

.It has been used for thousands of years for the treatment of digestive and nervous 

disorders and has been found to be anthelmintic, antipyretic, stomachic, taste improving agent, cardioprotective and 

cure for blood diseases
21

. It is also known for its use in different ailments such as muscle cramps, insecticidal, diabetes 

and respiratory disorders. It is active as an antioxidant
22, 23

, anti-inflammatory agent, feverish illness, nausea, migraine, 

abdominal cramps, gonorrhea, dysentery, headache, colic, dizziness, piles, cough, paralysis, nervous temperament and 

numbness
24

. The essential oil is used for acne, snake bites and insect stings. It is known to be antitoxic and cure for 

kidney and respiratory ailments. Basil tea cures diarrhea, vomiting, constipation and for mental fatigue and hyssop for 

cough
25

. The chemical composition of the essential oil of O. basilicum has been under study since 1930s
26

 and more 

than 200 chemical components have been identified.  
 

6.1 Immunomodulatory Activity 
O. basilicum was administrated in wister albino rat in low and high dose. SRBC titre method was applied for antibody 

titre. RBC, WBC, Haemoglobin count and antibody titre value was increased. For immunomodulatory effect, O. 

basilicum showed increase in body weight than the control animal
27

. Immunomodulatory activity of ethanolic and 

aqueous extracts of the leaves of O. basilicum in rats was reported. Both types of extracts were given orally at the 

level of 400 mg/kg/day body weight. Delayed type hypersensitivity (DTH), haemagglutination antibody (HA) titer, 

neutrophil adhesion test and carbon clearance test were used for checking immunomodulatory activity for both 

specific and non-specific immunity. Immunostimulating agents used were cyclophosphamide (100 mg/kg/day, p.o.) 
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and levamisole (50 mg/kg/day, p.o.). A noteable increase in circulating antibody titer production in comparison to 

sheep red blood cells (SRBC
’
s) was seen when given orally. In primary and secondary HA titer an increase was 

observed (p<0.01), higher than control group. In mice, O. basilicum potentiated the DTH reaction. It also showed 

increase (p<0.01) in percentage neutrophil adhesion to nylon fibres along with increase in phagocytic activity. The 

immunostimulant activity of O. basilicum is due to the flavonoid content
28

.
 
Lymphocyte proliferation in rats induced 

by methanolic and aqueous extracts of the Mexican plants has been reported. Persea americana, Plantago virginica, 

Rosa spp. and O. basilicum. Methanolic extracts of P. americana, P. virginica, Rosa spp. and O. basilicum showed 

lymphoproliferation up to 16%, 69%, 66% and 80% respectively and for aqueous extracts it was 48%, 31%, 83% and 

83% respectively in comparison to untreated controls. The effect of O. basilicum aqueous extract at concentrations of 

31.25, 62.5, 125 and 250 µg/ml was different than that for Persea americana at the same concentrations. The solvents 

had no effect on lymphocyte proliferation activity. The Immunostimulating effect had benefit in increasing 

lymphocytes in patients suffering from immune deficiency
29

. 
 

6.2  Antioxidant Activity 
Methanolic extracts of O. gratissimum and O. basillicum were studied for antioxidant potential by using standard 

methods. O. basillicum showed very weak activity in DPPH assay as compared to O. gratissimum. Percentage radical 

scavenging activity was concentration dependent
30

. Acetone and ethanol extracts of A. indica, and O. basilicum were 

studied for antioxidant activity at concentrations of 50, 100, 250 and 500 in μg/mL. Antioxidant activities were 

concentration dependent. By ferric thiocynate (FTC) ethanol extract of O. basilicum at the concentration of 500 μg/mL 

showed 75.87%, an antioxidant activity very close to that of 500 μg/mL of α-tocopherol (82.14%), the reference 

compound
31

. Antioxidant activity of basil by different methods like 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free 

radical scavenging, hydrogen peroxide scavenging, ferric thiocyanate method, reducing power, scavenging of 

superoxide anion radical-generated non-enzymatic system, reducing power and metal chelating activities was studied. 

Two types of extracts were investigated: water extracts (WEB) and ethanol extracts (EEB). The antioxidant effects 

were found to be concentration dependent. Ferric thiocyanate method was used for total antioxidant activity. The 

inhibition effect of WEB on peroxidation of linoleic acid emulsion for the concentration of 50 µg/ml came to be 

94.8%. For the same concentration, it was 97.5% for EEB. With the concentration of 50 µg/ml for BHT, BHA and α-

tocopherol it came to be 98.5%, 97.1% and 70.4% , respectively. Other assays also gave effective results. Reference 

antioxidants used were BHA, BHT and α-tocopherol. Total phenolic content was analysed as gallic acid equivalent 

and was determined as equivalent
32

.  
 

6.3 Antihyperglycemic and Hypolipidemic Activity 
Prevention of induced hyperlipidemia in Wister albino rats by O. suave (OS) and O. basilicum (OB) was investigated. 

High fat diet, constituting 31% fat, was given to groups of rats daily oral doses being 800 mg/kg of extracts of O. 

suave or O. basilicum  for 21 days period. In the HFD control rats, as compared to the normal feed fed rats (7% fat) 

significant (p < 0.05) increases in serum levels of total cholesterol (HDL and LDL), was seen but significantly (p < 

0.05) reduced the serum triacylglycerols. Significant prevention of HFD induced increases in serum total cholesterol 

and partial decrease of the HFD induced decrease in serum triacylglycerols was noticed by the administration of 

aqueous extract of O. suave or O. basilicum. Lipitor® the standard hypolipidemic drug was used to compare the 

results
33

. Anti-hyperglycemic and hypolipidemic effects of the aqueous extracts from O. basilicum in rats were 

reported. Aqueous extract of the whole plant was taken and both the effects were analysed in normal rats as well as 

streptozotocin (STZ) diabetic rats. One oral dose of O. basilicum lowered blood glucose level in normal (p<0.01) and 

diabetic rats (p<0.001). For 15 days this oral administration was carried out. It was seen that in diabetic rats there was 

considerable reduction in blood glucose level (p<0.001) and less reduction in normal rats (p<0.05). By this repeated 

practice, plasma cholesterol levels and triglyceride levels were also reduced. Besides that body weight and plasma 

insulin levels remained unaffected. Hence, it was seen that aqueous extract showed anti-hyperglycemic and 

hypolipidemic effects without affecting body weight and insulin levels
34

. 
 

 

6.4 Anti-herpes Simplex Virus Activity
Anti-herpes simplex virus activity of dichloromethane and methanol extracts of O. sanctum, O. basilicum and O. 

americanum was studied. Before viral infection, dichloromethane extract of O. americanum and the methanol extract 

of O. sanctum had protective effect on green monkey kidney cells against HSV-2 infection. The therapeutic indexes 

(TI) values of 1.865 and 1.644, respectively, were noted. Treatment of cells with methanol extracts of O. americanum, 

O. sanctum and O. basilicum inhibited HSV-2 infection. TI values noted were 2.345, 2.473 and 1.563, respectively. 

With dichloromethane extracts of O. americanum and O. basilicum TI values noted were 2.623 and 1.835, 

respectively. After viral adsorption the methanol extract of O. americanum and the dichloromethane extract of O. 

basilicum inhibited HSV-1F. TI values noted were 1.63 and 2.215, respectively. At other stages of viral replication, 

the extracts of the three plants exhibited their anti-viral potential
35

. 
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6.5 Anti-inflammatory Activity 
Petroleum ether fraction (400mg/kg, p.o) and ethanolic fraction (400mg/ kg, p.o) of the seeds of O. basilicum were 

used to cure inflammation induced by histamine and prostaglandins in 60 rats divided in 10 groups. The index of 

inflammation used was the increase in paw edema. Significant inhibition of the paw edema produced by histamine and 

PGF2-a proved that the seeds of O. basilicum possess potential anti-inflammatory activity
36

. Anti-inflammatory 

activity of the alcoholic extract of O. basilicum in peripheral blood mononuclear cells (PBMC) of human was 

reported. PBMC of healthy individuals were taken and anti-inflammatory activity of crude methanolic extracts was 

tested. In mitogenic lymphocyte proliferation assays, the extract showed significant inhibitory effect on proliferative 

response of PBMC. Besides that, gene expression studies were also carried out on lipopolysaccharide (LPS) induced 

production of proinflammatory cytokines such as Interleukin-1 β (IL-IB), Tumor necrosis factor –α (TNF- α). Down 

regulation of the markers was shown by IL-2. The induction of the inducible nitric oxide synthase (iNOS) along with 

production of nitric oxide (NO) in LPS-stimulated RAW 264.7 macrophages was suppressed by it in a time-dependent 

manner. The result was drawn that crude methanolic extracts inhibit proinflammatory cytokines and mediators, which 

shows that the extracts have anti-inflammatory activity
37

. 
 

6.6 Hepatoprotective and Lipid Peroxidation Activity 
Hepatoprotective and antioxidant activities of O. basilicum and Trigonella foenum-graecum was reported against 

hepatotoxicity in liver of goat which was induced by H2O2 and CCl4. Leaves of both the plants were dried and ground. 

Extracts were prepared in petroleum ether, chloroform, alcohol and water. Ethanolic extracts were dried in rotary 

evaporator and were reconstituted in 0.5% Tween-80 up to the strength expected. They were named as OB and TF, 

respectively. The extracts were screened for analyzing the constituents present. Goat liver was washed in saline 

solution to remove the fat present. Liver (0.25 g) was cut into rectangular slices about 8-9 mm each. The pieces were 

washed in Hank
’
s balanced salt solution (HBSS) using suitable buffer. The slices were treated with oxidants in 

presence as well as absence of extracts. After incubating for an hour at 37
o
C, the components were analysed. 

Hepatotoxicity was induced by H2O2 by first dividing the animals in 5 groups. Group 1 was called normal control, 

group 2 was toxin control which was treated with H2O2 (2 ml/kg), Groups 3 and 4 were given OB/TF (100 mg/kg, po) 

and finally group 5 was given Silymarin (hepatoprotective agent) for a period of 6 days. H2O2 (2 ml/kg) was given to 

groups 2-6 on the fifth day. Hepatotoxicity was also induced by CCl4. Five groups of animals were made. Group 1 was 

called the normal group and was given a single dose of 0.5% Tween-80 (1 ml) on a daily basis for the first five days 

and then was given olive oil (1 ml/kg) on second and third day. Group 2 was called the CCl4 control group and was 

given a single dose of 0.5% Tween-80 (1 ml) po everyday, except for second and third day when they were given 2 

ml/kg of CCl4: olive oil 1:1 mixture. Groups 3 and 4 were given OB/TF (100 mg/kg, po) for all the five days and on 

second and third days they were given a single dose of 2 ml/kg CCl4 : olive oil in the ratio of 1:1 in the form of 

mixture, but they were given OB/TF 30 minutes before. For five days group five was given Silymarin (100 mg/kg, po) 

and on second and third days it was given a single dose of CCl4: olive oil 1:1 mixture after 30 minutes of Silymarin 

intake. After 48 hours passed, the animals were sacrificed and blood samples were collected for anti-oxidant studies 

and liver slices for histopathological analysis. The activities of catalase (CAT) peroxidase (PEO), glutathione 

reductase (GTR), superoxide dismutase (SOD), polyphenol oxidase (PPO), glutathiones transferase (GST), ascorbic 

acid (Vit C), tocopherol (Vit E), vitamin A, total phenols, carotenoids and lycopenes were determined and analysed. 

Liver function marker enzymes like alanine aminotransferase (ALT), aspartate aminotransferase (ALT) etc were also 

analysed. For determination of lipid peroxidation liver tissue was weighed up to 0.5 g. Then it was mixed in 10 ml of 

150 mM KCl-Tris-HCl buffer which had pH of 7.2. The final reaction mixture contained 50 µl liver homogenate, 

buffer, 3 mM FeSO4 and 0.05 ml of the extracts from both plants which were of varying concentrations. A blank was 

also prepared. The experimental medium had liver homogenate whereas the assay medium had all the constituents 

except plant extract and it corresponded to 100% oxidation. The tubes were incubated for an hour at 37
o
C. Along with 

incubation 500 µl of 70% ethanol was added in every tube to hold the reaction. 1 ml of 1% TBA was added in tubes 

which were kept for boiling in a water bath for a period of 20 min. The tubes were then cooled and centrifuged to get 

supernatants. To the supernatants 50 µl of acetone was added and for determination of thiobarbituric acid reactive 

substances (TBARS) it was run at 535nm in a spectrophotometer. The hepatotoxins caused significant damage to the 

liver. It was shown by an increase in the level of antioxidant enzymes of the toxin groups. The extracts reduced the 

high values of these enzymes and the hepatoprotective activity was comparable to that of silymarin. The extracts 

showed inhibition of lipid peroxidation at 100 µg/ml in comparison to normal controls. Glutathione activities were 

reduced in intoxicated goat liver as compared to normal control groups. Maximum inhibition of superoxide free 

radical (88.02%) and nitric oxide free radical (85.47%) was observed at 400 µg/ml
38

.  
 

6.7 Insect Repellent and Larvicidal Activity 
Larvicidal activity of O. basilicum was noted by combining, in varying ratios, its petroleum ether leaf extract with 

synthetic nicotinoid insecticide, imidacloprid against malaria vector, Anopheles stephensi. Binary mixture of 1:1 ratio 

was most effective as compared to 1:2 and 1:4 against mosquito larvae. This effective ratio was safe for aquatic 
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mosquito predator, Anisops bouvieri and Cyclops with LC50 values 12.351 and 5.290 ppm, respectively, after 24 h of 

exposure. Individual constituents were not that effective as compared to the tested combination
39

. Larvicidal and 

repellent activity of O. basilicum along with Vetveria zizanioides and the pesticide spinosad against Anopheles 

mosquito which is known as a vector against malaria was observed.  Synthetic pesticides cause a lot of hazards both to 

environment and human beings. Therefore, microbial insecticides are recommended as they are non-toxic to other 

animals and human beings. The above mentioned plants showed considerable repellent activity against the malarial 

vector, Anopheles stephensi Liston, which showed 85% mortality rate. This rate supports the use of extracts of the 

plants as bio-insecticides
40

. Repellent activity against malarial vector Anopheles of the essential oil of O. basilicum 

four Sudanese accessions was also reported. Accessions were taken as seeds and these seeds were then sown at the 

University of Gezira farm, Wad Medani, Sudan. Human-bait technique confirmed all four essential oils to be mosquito 

repellent. 0.1 ml of the essential oil applied at the volunteer
’
s arm showed repellency against mosquito for 1.5 to 2.5 

hours. Bioassay time affected the repellency. Quantity of 0.1 ml of essential oil was considered ideal as mosquito 

repellent
41

.  
 

6.8 Central Nervous System Activity 
Protection of central nervous system against oxidative damages of electromagnetic field (EMF) by using O. basilicum 

has been reported. Forced swimming test was used to check antidepressant activity of O. basilicum extract in 30 

albino male Wistar rats that were exposed to 50 Hz, electromagnetic field for a period of 8 weeks. After eight weeks, 

rats which were fed with O. basilicum extract (1.5 g/kg body weight), showed decreased immobility score (P < 0.001) 

and increased swimming (P < 0.001), as compared to control group. Hence, basil proved to have CNS activity
42

. 

Anticonvulsant activity of the essential oil of Ocimum basilicum leaves was reported. Ocimum basilicum and many 

other herbs belonging to the genus Ocimum are used as treatment for the diseases related to the central nervous 

system. Varieties of experimental models have been used to analyze the CNS depressant and anticonvulsant activity of 

the essential oil obtained from leaves. GC/MS and GC-FID showed seven compounds which constituted 98.8% of the 

oil as a whole. Linalool, geraniol and 1, 8-cineole was the major constituents which were present up to 92.9%. 

Decrease of spontaneous activity, sedation, ataxia and ptosis was seen at all doses of the oil along with a considerable 

increase of sleep time (p<0.05) and decrease in latency to sleep (p<0.01). The latency for development of convulsions 

in pentylenetetrazol (PTZ) and picrotoxin tests was increased (p<0.05). Flumazenil reversed the effects of oils in case 

of PTZ. For strychnine no interference was seen with the convulsions. So, essential oils were active as CNS depressant 

and this activity could be mediated by central GABAergic receptors
43

. 
 

6.9 Antimicrobial Activity 
The antibacterial activity of O. basilicum essential oil extracted from leaves was studied against gram-negative and 

gram-positive bacteria including Escherichia coli, Pseudomonas aeruginosa, Bacillus cereus, Staphylococcus aureus, 

respectively. Minimal inhibition concentration (MIC), Agar disk diffusion and minimum bactericidal concentration 

(MBC) were detected. For P. aeruginosa the maximum inhibition zones were noted by agar disk diffusion tests. S. 

aureus showed 29.20-30.56 mm, B. cereus 10.66-16.11 mm and E. coli 17.48-23.58 mm inhibition zones. For gram-

positive bacteria the MICs were: B. cereus ranging 36-18 μg/mL, S. aureus 18 μg/mL, and for gram-negative bacteria 

the MICs were: E. coli and P. aeruginosa were 18-9 μg/Ml
44

. Alcoholic, hydroalcoholic and aqueous extracts from O. 

basilicum, Satureja hortensis and Anethum graveolens were tested against pathogenic microorganisms Escherichia 

coli, Staphyloccocus aureus, Streptococcus cricetus and Candida albicans and inhibitory zone diameter was the 

evaluation indicator for antimicrobial activity. Except Satureja hortensis aqueous extract for Streptococcus cricetus, 

for all aqueous extracts Staphylococcus aureus and Streptococcus cricetus showed resistance. When O. basilicum 

aqueous extract was evaporated at 80
o
C the largest inhibition zone diameter was noted for Escherichia coli and in case 

of alcoholic extracts for Candida albicans. average inhibitory zone diameter for tested pathogenic microorganisms 

was noted for other extracts
45

. By using agar diffusion and agar dilution methods the antimicrobial activities of the 

volatile oils of O. basilicum and O. gratissimum were recorded. At a concentration of 0.51% in the agar, the volatile 

oils of both plants separately inhibited the growth of Streptococcus viridian ;Staphylococcus albus; and Klebisiella 

pneumonia Pseudomonas aeruginosa at 10.0%. Proteus vulgaris was inhibited at 0.67% by O. basilicum 

and 0.53% by O. gratissimum. By using volatile oil of both herbs separately in tooth pastes (2 and 5 %), antibacterial 

activities comparable to a commercial tooth paste  were shown. at a concentration of 0.5% in mouth washes,  complete  

inhibition of the growth of organisms was observed
46

. By using disk-diffusion and minimal inhibition concentration 

(MIC) method ethanol, methanol, and hexane extracts from O. basilicum were tested for antimicrobial potential. The 

three extracts varied in terms of their antimicrobial potential. The hexane extract showed the strongest spectrum of 

antimicrobial activity
47

. 
 

6.10 Antifungal Activity 
O. basilicum extract [0.35 and 0.70% (v/v)] proved to have antifungal potential against Fusarium oxysporum, F. 

proliferatum (33.37 and 44.30%, respectively), F. subglutinans (24.74 and 29.27%, respectively), and F. 

verticillioides. The fungal strains were isolated from cakes by the agar plate method. At the concentration of 1.50% 
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(v/v) the growth of Fusarium spp. was completely inhibited and at concentrations of 0.35 and 0.70% (v/v) aerial 

mycelium growth reduced over all. Hyphae deformations, thickenings, fragmentations and diminished sporulation 

were also observed
48

. Antifungal activity of O. basilicum and O. gratissimum oil was tested against seven species of 

rice pathogenic fungi namely Alternaria brassicicola, Aspergillus flavus, Bipolaris oryzae, Fusarium moniliforme, 

Fusarium proliferatum, Pyricularia grisea and Rhizoctonia solani. The techniques used were mycelium growth and 

spore germination inhibition. Unused oil was used as control and the efficiency of essential oils was recorded at 0.4, 

0.6, 0.8, 1.0 and 2.0% v/v. In vitro study was carried out using potato dextrose agar (PDA) with 3 replications. The 

data of mycelium growth inhibition showed that sweet basil oil showed inhibition of F. moniliforme (100%), F. 

proliferatum (49.6%) and P. grisea (100%) at a concentration of 0.6% v/v. B. oryzae, A. brassicicola and A. flavus 

was inhibited up to 97.40%, 94.62% and 59.25% respectively at 2.0% v/v. The result recorded for spore germination 

inhibition showed that F. moniliforme was inhibited up to 91.31% and A. brassicicola 99.74% at 0.8% v/v. F. 

proliferatum, P. grisea, B. oryzae, R. solani and A. flavus were inhibited at 2.0% v/v. O. gratissimum also showed 

inhibition of fungi strains by both methods. Hence, the plants had antifungal activity which depended on testing 

conditions
49

. 

6.11 Antimutagenic Activity 
Antimutagenic property of O. basilicum essential oil and pure substances linalool, 1,8-cineole and β-myrcene in 

Salmonella typhimurium TA 100, TA 98 and TA 102 with and without using microsomal fraction of rat liver (S9 mix) 

was reported. No activity was observed in any strain tested and then Ames test was carried out using S. typhimurium 

TA 100. Mutagenesis was induced by chemical mutagens namely 4-nitroquinoline-N-oxide (4NQO), 2-nitropropene 

(2-NP) and benzo (a) pyrene (B (a) P) and UVC irradiation. All derivatives of basil reduced mutations induced by UV 

radiations, maximum inhibition recorded to be 64-77%. 4NQO inhibitory potential was similar to UV (52-67%). 

Moderate inhibition of 2-NP induced mutagenesis was shown by essential oil and 1, 8-cineole while the latter showed 

moderate inhibition against B(a)P induced mutagenesis and linalool showed high co-mutagenic effect with B(a)P. 

Essential oil and β-myrcene showed no effect against B(a)P induced mutagenesis
50

. 

6.12 Antierythmic and Depigmenting Activity 
Topical cream (with 3% concentrated extract of basil) of O. basilicum against its base (without extract) as control on 

skin erythma and skin melanin was tested on the cheeks of 11 healthy human volunteers for a period of 12 weeks. 

After every two weeks time, pigment (melanin) and erythma was noticed. The formulation showed statistically 

significant result whereas the base proved to be insignificant (p≥0.05) against skin erythma. Similar results were 

noticed for skin pigmentation (melanin) thus proving the efficacy of new formulation
51

. 

6.13 Antitoxic Activity 
In albino rats deltamethrin induced several histopathological alterations in the kidney like degeneration of epithelial 

lining cells, dilation and congestion of renal blood vessels, infiltration of intertubular spaces by inflammatory 

leucocytic cells and elevation in urea and serum creatinine. Superoxide dismutase (SOD) and catalase (CAT) in renal 

tissue became more or less inactive and the concentration of malondialdehyde (MDA) increased remarkably. The 

animals were then treated with aqueous extract of basil along with deltamethrin. It led to curing histopathological 

ailments. Activities of CAT and SOD were found to increase and creatinine and urea level became normal whereas 

MDA level lessened
52

. 

7. CONCLUSION 
The importance of medicinal plants has increased with the passage of time because synthetic medicines have a number 

of side effects besides many benefits they offer. These plants have recorded and known pharmacological applications 

which we have got in heritage. The present review is meant to describe the importance of Ocimum basilicum in the 

field of herbal medication. Phytochemical and pharmacological studies of the herb are given along with botanical 

characteristics. Various effects like immunomodulatory, hyperglcaemic, hypolipidemic, anti-inflammatory, 

hepatoprotective, antimutagenic, antimicrobial, antifungal, antioxidant, lipid peroxidation, insect repellency, antiviral, 

antierythmic, depigmenting, antitoxic and CNS activity analysis reports are mentioned. The wide range of study on 

this herbal plant shows that it is very beneficial for the improvement of current drugs and more work can be done to 

take advantage of the potential remedial qualities of it. 
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ABSTRACT 
This paper describes graduate chemistry practical related to mutual solubility of liquids and phase coexistence. The diversity of the 

phase transition shows that heating produces mixing and separation. The practical consists of short experiment on the general theme of 

miscibility of aqueous and organic phases by varying the temperature. The phases were selected as phenol - water and nicotine- water 

system. The experiment was preceded by the interaction of equal quantities of phenol-water and nicotine-water at room temperature 

and higher temperature about 80°C. There was a change in miscibility of phases at higher temperature. At about 80°C the phenol-

water mixture becomes monophasic while it is heterogeneous at room temperature. The water – phenol phase show limited miscibility 

below 70 °C. While the nicotine -water phases become heterogenous at higher temperature and at room temperature they were 

monophasic. The temperature at which these phases were merges is known as clearing temperature or cloud temperature. It lies on the 

liquid-liquid coexistence line. The experiment required careful observations by students at various temperatures ranges from 20
o
C to 

100
o
C at the step of 20 

0
C and followed by result and discussions.   Analysis of the data predicted that students were enjoying by 

working out the practical and it would be bestowing tremendously beneficial learning experience. The aim of this study was to explore 

the concept of the phenomenon of phase changes by varying the temperatures and can interpret macroscopic and microscopic 

properties of the system by relating to the thermodynamic properties. These experiments were beneficial for the isolation and 

separation of toxic compounds like nicotine and phenol from the waste stream. It is effective and low cost method to save the 

environment and ecosystem.   

 

Key words: Miscibility of phases, water-phenol, water – nicotine, temperature changes, clearing temperature, macroscopic and 

microscopic, purification of waste.  

 
1. INTRODUCTION 
A review of the chemical education literature indicates that teaching chemistry in a demonstrative way is gaining 

popularity 
1
. Emerging out of the success of the Salters chemistry courses used in pre-university chemistry teaching in the 

UK
 ,
 the university chemistry courses would be design  to have more experiments at the introductory level that teach 

students
2
. 

Although some of the traditional methods of teaching and learning chemistry do not enables students to ganging 

many of these skills and not provide academics with evidences so various strategies have been developed to understand 

the thermodynamics and the concept of phase co-existence by proceeding experiments
3
. 

The national pretreatment program was established to reduce the level of pollutants discharged by industry into 

municipal sewer systems and to improve opportunities for the reuse of wastewater and bio solids that are generated. 

Industrial treatment of phenols and nicotine is typically accomplished through expensive UV oxidation systems or 

activated carbon. A mutual solubility of liquids and phase coexistence experiments can be employed to reduce the cost of 

phenol and nicotine treatment and control its level in the effluents by following the EPA standards. 
 

2. HISTORY OF EXPERIMENTS 
These experiments were design to reduce the environmental burden by changing the temperature. The experiment was 

preceded in two sets. A group of two students perform one set of experiment containing phenol-water while the other 

performs nicotine-water set, along with observations and results. The phase transitions of phenol-water system were 

observed by changing temperature. The phenol, is also known as carbolic acid and phenic acid, is an organic compound 

with the chemical formula C6H5OH. The molecule consists of phenyl (-C6H5), which is bonded to a hydroxyl (-OH) 

group. It produces on a large scale as a precursor to many materials and useful compounds
4
.  It was first extracted from 

coal tar, and its major uses involve its conversion to plastics or related materials. Phenols are used for building 

polycarbonates, epoxies, bakelite, nylon, detergents and a large collection of drugs, herbicides and pharmaceuticals
5
.The 

major uses of phenol, involves its conversion to plastics or related materials. Phenol is moderately soluble in water; about 

8 g of phenol will dissolve in 100 g of water. If try to dissolve more than this, then get two layers of liquid. The top layer 

is a solution of phenol in water, and the bottom one a solution of water in phenol. The solubility behavior of phenol and 

water is complicated
6,7

. Similarly nicotine also shows diversity in its behavior by changing the temperature. Nicotine is 

well-known alkaloid and has high toxicity in its lethal dosage of 30–60 mg causes severe effects
8
. 

http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Chemical_formula
http://en.wikipedia.org/wiki/Phenyl_group
http://en.wikipedia.org/wiki/Hydroxyl
http://en.wikipedia.org/wiki/Coal_tar
http://en.wikipedia.org/wiki/Polycarbonate
http://en.wikipedia.org/wiki/Nylon
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Fig-1: Structure of Phenol 

 

It is an important constituent of tobacco and is highly soluble in cold water, below 61 °C
9
, and represents significant water 

pollution. However, recent studies revealed that this alkaloid might have beneficial effects on neurodegenerative 

disorders, such as Parkinson's disease and on cognitive functions
10

. Tobacco dust, a waste by-product of the tobacco 

industry, is a cheap and rich source of nicotine, which can be easily, extracted using only pure cold water as a solvent
11

. 

 
Fig-2: Molecular structure of nicotine 

 

These practical were preceded by considering the toxicity of phenol and nicotine and employing safety measures. Under 

careful observations and peer discussions which promote the idea of their separation and isolation to reduce the harmful 

effects of industrial and domestic waste containing such solvents to save our ecosystem and environment and develop 

learning and deep understanding of thermodynamics. 
 

3. EXPERIMENTAL   
 

3.1Experiment (Heating produces mixing and separation) 
Students were provided ten sets of  sealed tubes – five sets containing roughly equal volumes of  phenol/water (set A) 

which has two phases, and the other five sets contains nicotine/water (set B), which is miscible at room temperature. 

Students heat the tubes of (set A and B) together in a beaker containing water. By heating the water to its boiling point the 

mixing and separation of phases were observed. The whole experiment was needed about 30 minutes time to observe 

drastic changes in phases.  Temperatures were varied from 20 -100°C at the step of 20
o
C.  

The first set of A and B was drawn from water bath at 20
o
C and recorded observations. While the second and other 

subsequent sets were drawn at the step of 20
o
C. The phenol-water mixture becomes monophasic at 80

0
C, while the 

nicotine-water phase becomes separated. These drastic changes bring the idea of removal of toxic substances by changing 

the temperature instead of using adsorbents, ion exchangers, catalyst or other separation method. Students were also 

provided the molecular structure of nicotine and phenol and interpreted macroscopic and microscopic properties 

thermodynamically
12

.The phase transions are shown in Figure-3. 

 

4. RESULT AND DISCUSSION 
The experimental observations showed that by the interaction of equal quantities of phenol/water and nicotine/water 

phases at room temperature and higher temperature about 80°C. There is a change in miscibility of phases at higher 

temperature.  At about 80°C the phenol/water mixture becomes monophasic while it is heterogeneous at room 

temperature. Liquid water and phenol show limited miscibility below 70 °C. The temperature at which they merge is 

known as clearing temperature or cloud temperature, and it lies on the liquid-liquid coexistence line
12

.Phenol is somewhat 

soluble in water because of its ability to form hydrogen bonds with the water. The weak acidity of phenol is explained on 

the basis of the poor resonance effect of the phenate anion in water—DMSO solutions.  
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Fig-3: Showing changes in phases at room temperature and higher temperature 

 

While nicotine/water phases become separated when the temperature rises to 80
o
C.The upper phase of the system brings 

to the consulate temperature about 210°C. At that temperature the thermal motion prevents the separation into two phases 

and the nicotine and water become miscible. When the mixture cools then separated into two-phase, thermal motion is no 

longer capable of preventing phase separation and a water-saturated nicotine- rich phase begins to form and it is in 

equilibrium with the nicotine-saturated water-rich phase
13

. 

 
 

 
 

Fig-4: Nicotine-water miscibility gap 
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Nicotine is third-hand smoke, the residue from tobacco smoke that clings to virtually all surfaces long after a cigarette has 

been extinguished, reacts with the common indoor air pollutant nitrous acid to produce dangerous carcinogens. This new 

potential health hazard was revealed in a multi-institutional study led by researchers. 

Nicotine is also a major alkaloid of tobacco, from Nico- tinianatabacum: among its famous properties is the 

closed solubility loop in water, established by Hudson
14

. The version from Glasstone
15

 is reproduced in Figure-4. The 

significant structure theory of liquids has been applied to the partially miscible systems, of which the temperature-

composition phase diagrams are of closed loop type. 

Famously, nicotine-water has a miscibility gap with both upper and lower consulate temperatures - that is there is 

a one-phase field above and below the two-phase field. 
 

5. EDUCATIONAL OBJECTIVES  
The educational objectives of this experiment are to develop: 
 

5.1 Theoretical and conceptual knowledge 
Students will learn about the chemical changes which produced by change in temperature. Heating and cooling can 

induces mixing and separation of solvents. Students will learn how to interpret the results. 
 

5.2 Scientific and practical skills 
By preceding the experiment students will know the safe handling of chemicals and apparatus. Precession and accuracy of 

the data can be achieved by obtaining reproducible results so experiment must be repeated and calculate the standard the 

deviation in the results.  
 

5.3 Develop thinking skills and generic attributes 
By performing these experiments students will observe various chemical changes and summarizes the observations and 

interpret the result thermodynamically. 
 

5.4 Experimental idea about the homogenous and heterogeneous system. 
The theoretical idea of thermodynamic can be explained by experimental observations. 
 

5.5 Waste minimization 
By employing low cost method the toxic substances can be isolated and remove from waste water and develop strategy to 

the students how can remove toxic substances
16

. 
 

6. CONCLUSION 
These experiments would enable the graduate chemistry students to develop their understanding of various aspects of 

physical chemistry especially thermodynamic, during the early and engaging environment which promotes the students 

learning about the subject. The concept of waste minimization can be developed and employed on industrial scale. The 

feedback data from the students show that these experimentsare extremely successful in achieving the objective. 
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ABSTRACT 
Asthma is a wide speared disease all over the world. In this disease breathing is not smooth due to contraction of bronchitis.  

Ventolin is an effective drug for this purpose and is widely used. Its active ingredient is Salbutamol Sulphate, which is 

bronchodilator. Due to oxygen and nitrogen donor sites of Salbutamol (Fig I), it has been assumed that it may interact with metals 

present in the biological system, and therefore disturb the metals metabolism and imbalance the equilibrium. On the other hand 

two third of the body’s iron is found in hemoglobin which is an oxygen storage protein. Therefore may iron is chelated by the  

Salbutamol ion in the stomach. The chelation of iron by salbutamol, stability of the complex and Stoichiometry at acidic pH of the 

said complex is investigated implied Spectrophotometric technique. Salbutamol formed highly colored complex with iron having 

maximum absorbance at 550nm. A 1:3 complex formation in buffered and non buffered solutions at 30°C was found using mole 

ratio and slope ratio methods.  Molar extinction coefficients were determined by calibration curve method and was found very 

high in non buffered solution comparative to buffered solutions. Stability constant of ML1  is found 6.3635,  ML2 is 11.919 and 

ML3 is 16.858 in non buffered solution. Closer ln values were found in buffer of pH 3.0 and 3.5. 
 

Key word: Asthma, Salbutamol, Iron, complexation, stoichiometry, stability, spectrphotometry    

 
1. INTRODUCTION 
Asthma affects 6 million children in the United States and 16 million people’s total

1
. There are two factors which 

provoke asthma, triggers and inducers. Triggers irritate the airways and result in bronchoconstriction. The Common 

triggers include everyday stimuli such as: cold air, dust, strong fumes, exercise, inhaled irritants, emotional upsets and 

smoke
2-3

. The last one is the strongest trigger. Common inducers are Allergens and Respiratory viral infection
4-6

. In 

contrast to triggers, inducers cause both airway inflammation and airway hyper responsiveness and hence are 

recognized as causes of asthma
7-9

. 

 These symptoms can easily be relieved by a bronchodialator such as ventolin® (containing salbutamol 

sulphate). salbutamol form the initial therapy of chronic as well as acute asthma
10

. 

Myoglobin an iron containing protein functions in the transport and short-term storage of oxygen in muscle cells, 

helping to match the supply of oxygen to the demand of working muscles
11

. Since Salbutamol is used as 

bronchodialator for asthmatic patients. There is strong possibility that Fe(III) may react with Salbutamol, could 

enhance its effectiveness. 

 In the present study chelation of Fe(III) by salbutamol is investigated. Chelation, stoichiometry, stability 

and molar extinction coefficients were determined by spectrophotometric technique in non buffered as well as buffer 

of pH 3.0 and 3.5.  

 Evaluation of chelation strength of Fe(III) by the drug molecule at stomach pH will provide important 

guideline to understand the maintenance of drug’s efficacy as well as accomplishment of iron. 

  

 

 

 

 

 

 
Fig-1: – (Dimethylethyl) amino]methyl]-4-hydroxy-1,3-benzenedimethanol 

 

2. RESULTS AND DISCUSSION 
A complex solution of known concentration was scanned on Thermogenesys 6 Spectrophotometer, absorbance 

maxima was found at 550.nm in buffer solution of  pH 3.0, 3.5 and in non buffered solutions as well. 

 

2.1 Molar extinction coefficients  
Molar extinction coefficients of the complex at different working conditions were found by calibration curve method 

(Fig-2). In this method a tenfold excess of ligand is added to the metal solution. Different dilutions of the complex 

solutions are then prepared and the absorbances were recorded at the selected wavelength (550.0nm). Graph between 

mailto:dr_nfatima1@yahoo.com
http://en.wikipedia.org/wiki/Image:Albuterol.png
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concentration of complex and the respective absorbance were plotted (Fig-2). Based on the implementation of the 

Beer’s law, A = εbC, the straight line obtained passed through the origin and the slope of the line represented the 

molar extinction coefficient, ε (Fig-2). The value is almost same in pH 3.0 and 3.5 buffered solutions while about 10 

times higher in non buffered solution (Table-I). 
 

Table-1:  Molar extinction coefficients of the complex at different working conditions 

S. No Working Media Molar Extinction Coefficients (ε)    (M
-1

cm
-1

) 

1 Buffer pH 3.0 103.07 

2 Buffer pH 3.5 102.54 

3 Non buffered Media 1201.32 

 

 

 
Fig-2: Calibration Curve for the Evaluation of Molar Extinction Coeff icient of Iron(III)-Salbutamol complex in buffer of pH 3.0; 

Temperature = 30±2°C, max =550 nm. 
 

2.2 Stoichiometry 

The sample solutions prepared were comparative to each other through the Ligand/Metal ratio and their 

absorbances were analyzed. Absorbance was gradually increases with the rise of ligand concentration (Fig-3) 

while level off at higher concentration. Tangents drawn to this curve gave an idea about the mole ratio between 

Fe (III) and Salbutamol which is found 1:3 regardless of solvent media (Fig-4,5). 
 

M(H2O)6
3+   +  3L-1/-2             [ML3]

n-
      +      6H2O 

 

 

 

 
Fig-3:  Mole ratio plot for Iron(III)-Salbutamol complex in buffer of pH 3.0; Concentration of Fe(III) = 1.25 mM. 

Temperature = 30±2°C, max =550 nm. 
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Fig-4:  Mole ratio plot for Iron(III)-Salbutamol complex in buffer of pH 3.5; Concentration of Fe(III) = 1.25 mM. 

Temperature = 30±2°C, max =550 nm. 

 

 

 

 
Fig-5:  Mole ratio plot for Iron(III)-Salbutamol complex in aqueous media; Concentration of Fe(III) = 1.25 mM. 

Temperature = 30±2°C, max =550 nm. 

 

 

2.3 Slope Ratio Method 
Stability of complexes depends strongly upon nature of ligand regardless of many other factors. In case of pH 3.0, 

computational studies of the spectrphotometric data (of Fig-2) was carried to determine stability constants ()
13-14

. 

Same studies were done in working conditions of pH 3.5 buffer and in non-buffered solutions. 

 

Since 1:1, 1:2 and 1:3, M:L species were formed during the spectrphotometric titration. Therefore, 
 

1 = 
[ML] 

-----------------Equation (1) 
[M]r [L]r 

 

Similarly 

2  = 
[ML2] 

            -----------------Equation (2) 
[M]r [L]r

2
 

 
and

 

 

3 = 
[ML3]              -----------------Equation (3) 

[M]r [L]r
3
 

 

Taking ln on both sides of the equation (1) 

ln 1 = ln ([ML]/ [M]r [L1]r
 
) 

0 
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ln 1 = ln ([ML]/ [M]r)  - ln [L1]r
 
) 

 

ln ([ML]/ [M]r) =   ln [L1]r
  
+ ln 1  -----------------Equation (4) 

 

According to the equation of straight line, 

y = m x + c 
 

 By plotting a graph between ‘x’ and ‘y’, a straight line was obtained. The slope of the line is denoted by ‘m’ whereas 

‘c’ represents the intercept. 

Applying straight line equation on equation (4), a linear graph is observed between ln[L1]r and ln ([ML]/ [M]r) 

(Fig-6,9,12). Therefore the intercept of the line represents ‘ln’ and the slope gives the mole ratio of metal and 

ligand
13-14

. Using equation 2 and 3 in the same manner ln2 and ln3 of ML2 and ML3 were determined (Fig-

7,8,10,11,13,14). 
 

 
 

 
Fig-6:  Plot for formation constant of ML1 complex in buffer of pH 3.0. 

Intercept = 5.9348, Slope =1.0761 

 

 

 
Fig-7: Plot for formation constant of ML2 complex in buffer of pH 3.0. 

Intercept = 12.401, Slope =2.1986 
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Fig-8:  Slope ratio Plot of formation constant for ML3 complex in buffer of pH 3.0. 

Intercept = 16.412, Slope = 2.8996 
 

 
Fig-9: Plot for formation constant of ML1 complex in buffer of pH 3.5. 

Intercept = 5.9336, Slope =1.0945 

 

 

 
Fig-10: Plot for formation constant of ML2 complex in buffer of pH 3.5. 

Intercept = 12.123, Slope = 2.1349 
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Fig-11: Plot for formation constant of ML3 complex in buffer of pH 3.5. 

Intercept = 17.055, Slope = 3.0529 
 

 
Fig-12: Plot for formation constant of ML1 complex in aqueous media. 

Intercept = 6.3625, Slope = 1.1644 
 

 

 
Fig-13: Plot for formation constant of ML2 complex in aqueous media. 

Intercept = 11.919, Slope = 1.9721 
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Fig-14: Plot for formation constant of ML3 complex in aqueous media. 

Intercept = 16.858, Slope = 2.7823 
 

 

By the help of this method, ln  of respective complexes at different pH conditions were explored and summarized in 

Table-2. 
 

Table-2: Stability Constants of Fe(III)-Salbutamol Comlexes 

S. No Solvent media 
ln 

ML1 ML2 ML3 

1 Buffer of pH 3.0 5.9348 12.401 16.412 

2 Buffer of pH 3.5 5.9336 12.123 17.055 

3 Non-buffered Solution 6.3635 11.919 16.858 

 

3. EXPERIMENTAL 
All reagents used were of A. R. grade. Throughout the experiments, temperature was maintained at 30°C + 2°C. 

Known amount of Ferric sulfate was weighed carefully on an analytical balance SHIMADZU Model No. AUW 220, 

and dissolved in de-ionized distilled water with a small volume of concentrated hydrochloric acid for acidification. 

The final volume was then made up to 250.0ml.  

This Fe (III) solution was standardized using hydroquinone and 1,10-orthphenanthroline solutions after 

addition of Na-NaCH3COO buffer
12

.  

Stock solution of Salbutamol sulphate for known concentration were prepared in de-ionized distilled water by 

dissolving calculated amount of  AR grade reagent. Different dilutions of the stock solutions were then made 

according to the requirement of the experiments. For each and every set fresh solution were prepared to avoid the 

expected oxidation of ligand molecules by air. Same method is used to prepare stock solution in buffer of pH 3.0 and 

3.5. The required buffers of pH 3.0 and 3.5 were prepared by adding formic acid in standard NaOH, and the pH of 

buffers were maintained by using Jenway model No. 370 having  a resolution of + 0.01. 

The prepared solutions (in each media i.e. pH 3.0, pH 3.5 and in de-ionized distilled water) of  metal salt, 

ligand and their complex were scanned between 300nm and 800 nm on the UV-Visible spectrophotometer Thermo  

Genesys 6 in order to find out the Absorbance maxima(max).  

A complex solution which contain excess ligand than Fe(III), showed significant absorbance at selected 

wavelength. This solution was used for calibration curve method. As the ligand was in excess in the case, it is assumed 

that all the Fe(III) formed complex. Therefore the concentration of the complex is equal to the concentration of the 

metal ion taken initially in th-e sample. 

Different volumes of this complex from 1.0 ml to 10.0 ml were taken and diluted with de-ionized distilled 

water up to a final volume of 10.0ml and their absorbance were recorded. Same procedure was used to find out the 

molar extinction coefficient in buffer of pH 3.0 and 3.5. 

A fixed volume (1.0 ml from stock) of Fe (III) salt solution was taken in different volumetric flasks of 10.0 

ml. Different volumes of the already prepared equimolar solution of Salbutamol sulphate was added to the volumetric 

flasks and their total volume made up with deionized distilled water. An intense violet color Iron (III) – Salbutamol 

complex was observed instantly.  

Absorbances versus ligand to metal ratio were obtained. A graph of which helps to evaluate stoichiometry of 

the complex. Computational method was applied to implement the slope ratio method that explores the stability 

y = 2.7823x + 16.858 
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constants of the complex at experimental conditions
13-14

. Same procedure was used for the analysis at pH 3.0 and 3.5. 

For which the final volume of complex solutions were maintained upto a certain value with respective buffers. Each 

experiment in the analysis was repeated at least thrice to obtain accuracy and minimize errors.    
 

4. CONCLUSION 
Salbutamol chelates iron as a bidentate ligand. Three molecules of Salbutamol sulphate bind an Iron satisfying all six 

coordination sites and form an octahedral complex. 

In a buffer of pH 3.0, pH 3.5 and in non-b uffered media, the analysis showed that the mole ratio between iron 

and Salbutamol sulphate comes out to be 1:3, regardless of the pH conditions in which the analysis was carried out. 

The results of pH 3.0 and pH 3.5 are very much similar whereas the molar extinction coefficient in aqueous media is 

very high as compared to the other two. 

The stability constants of ML1, ML2 and ML3 are considerably high although the trend observed was similar 

in all three solvent systems. 

The results showed that at acidic pH (in stomach), salbutamol is able to make strong complex with Ferric ion 

and therefore may create iron deficiency in asthmatic patients. Since literature reported anemia in asthmatic patients, 

the present study is consistent with the result. 

Still the binding sites of the investigated drug molecule has question mark. Complex formation and stability 

constants and stoichiometry affected by increasing pH should be examine and explored.  
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ABSTRACT 
An experiment was carried out under field conditions to determine the impact of silicon application with different concentrations 

(20, 40, 60 ppm), on selected physiological characteristics of the leaves of mungbean (Vignaradiata) and cowpea (Vigna 

unguiculata) under different 100%, 75%, 50% and 25% soil moisture regimes. Stock solution (100 ppm) of silicon was prepared 

by MgSi3 salt but apply as 20, 40, 60 ppm solution in both treated and control plants. Results showed that silicon application 

significantly increases total carbohydrate & protein contents in treated samples as compare to control plants. In present study we 

concluded that silicon promoted growth in the drought susceptible species to greater extent & it’s more beneficial for 

carbohydrates and protein metabolism of cowpea (Vigna unguiculata) as compare to mungbean (Vignaradiata) plants. 
 

Keywords: silicon, drought stress, protein, carbohydrate, vigna radiata, vigna unguiculata 

 
1. INTRODUCTION 
Silicon (Si) is the second most abundant element both on the Earth’s crust and in the soil.

1
 All plants growing in soils 

take up Si, but Si content in plant tissues varies greatly among plants.
2
 The beneficial effects of Si on stimulating 

plant growth, however, have recently received increasing attention, particularly in plants subject to both a biotic and 

biotic stresses.
3,1,4

 Research shows that silicon benefits plants by improving the resistance to wilt, and resistance to 

water stress.
5
 

Drought continues to be a challenge to agricultural scientists as drought, often causes decrease or 

unsteadiness of crop production. Therefore, studying the drought-tolerance of crops is very significant to solve the 

problem of food supplies.
6
 Drought stress lead a reduction of xylem vessel diameter and a modification of 

conductivity components of transpiration pathway (root, shoot, stomata) that may contribute to the reduction of water 

flow from root to shoot.
7
 In turn, a drought stress affects such physiological processes as translocation at the whole 

plant level, leaf expansion and gas exchange at the organ level, and photosynthesis at the sub cellular level and at the 

end, it reduces growth and yield.
8
 

The reasons for inhibition the growth and photosynthetic abilities of plants by the environmental stress is the 

breakdown of the balance between the production of reactive oxygen species (ROS) and the antioxidant defense 

causing accumulation of ROS, which induces oxidative stress to proteins, membrane lipids and other cellular 

components.
8,9 

In drought, high activities of antioxidant enzymes and high contents of non enzymatic constituents are 

important for plants to tolerate stresses.
10

 

Soil moisture is a principal environmental factor limiting legume productivity in the tropics and sub- 

tropics.
11-12

 The lack of adequate soil moisture affects both vegetative and reproductive growth of food legumes, 

resulting in significant yield losses.
13

 However, most studies on legumes have concentrated on the impact of moisture 

stress on the growth and development of one species.
13-12

 Comparative studies on the effect of soil moisture on 

different food legumes have not been carried out, although these species are grown under the same environmental 

conditions.
14

Mungbean (Vigna radiata L.Wilczek) and Cowpea (Vigna unguiculata L. Walp) are two important 

tropical food legumes grown extensively under marginal conditions. Cowpea is considered a drought tolerant species,
 

15-16 
while mungbean requires adequate soil moisture for growth and development.

17
 Silicon application would 

therefore be expected to have different effects on these different food legumes in overcoming moisture stress. 

The objectives of this study were to find possibility of the role of silicon to cut off the effects of water stress on 

carbohydrate and protein contents of plants. 
 

2. MATERIAL AND METHODS 
Experiments were conducted on two different edible beans i.e Cowpea (Vigna unguiculata) and Mungbean (Vigna 

radiata). The seeds were obtained from local Market. Average soil PH was estimated about 7.75 by pH meter 

(Mettler Toledo, mp 220 pH meter).
18

 Soil E.C was estimated at 0.73 ms by E.C. meter (Hanna instruments, HI 8733, 

conductivity meter).
19

 Soil organic matter % was estimated 1.4% by “LOSS ON IGNITION METHOD - LOI”.% soil 

moisture estimated 15.31%healthy seeds of Mung bean (Vigna radiate), Cowpea (Vigna unguiculata) obtained and 

sterilized with 1% mercuric chloride solution. Equal sized plastic pots of were filled with approximately equal 

amount of ordinary soil and sterilized seeds were sown in each pot. After seedling establishment silicon treatments 

were applied and watering pattern was changed according to the drought treatments. Leaf samples from both control 
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and treated plants were collected weekly up to a period of 5 weeks in the early hour of the morning and were kept in 

labeled plastic bags. Silicon treatments were applied, as MgSi3100-ppm stock solution of MgSi3 was prepared. And 3 

different silicon treatments were maintained as: S1, S2, S3 having 20, 40, 60 ppm solution respectively. Control 

treatments were applied, as MgSO4100-ppm stock solution of MgSO4 was prepared. And 3 different control 

treatments were maintained as C1, C2, C3 having 20, 40, 60 ppm solution respectively. Drought treatments were 

maintained as D0, D1, D2, and D3 100%, 75%, 50% and 25% moisture in soil respectively. Protein contents 

estimated in leaf samples according to the method of Lowry’s.
20

The carbohydrates were estimated by Yemm& Willis 

method using anthrone reagent.
21 

 
 

3. RESULTS 
The results obtained by the different combination of drought stress and silicon treatments are shown by Figures (1-4).  
 

 

Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (40 ppm) treatment. 
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Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (60 ppm) treatment. 
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Si + 100% soil moisture
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Fig. 1
 

Changes in the amount of protein of Vigna radiata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (60 ppm) treatment. 

Weeks

0 1 2 3 4 5 6

A
m

o
u

n
t 

o
f 

P
ro

te
in

 i
n

 µ
g
/ 

m
g
 f

re
sh

 w
ei

g
h

t

0

10

20

30

40

50

60
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Si + 100% soil moisture
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Fig. 2 

 

Protein contents found to be reduced with the increasing drought treatments weekly in both silicon treated and non-

treated plants. By the silicon application the reduction in protein contents, observed lesser than non-silicon treated 

plants (Fig. 1 & 2). And the second treatment of silicon (40 ppm) is found to be more beneficial for protein contents 

(Fig. 1 & 2).  

Total carbohydrate contents found to be reduced with the increasing drought treatments weekly in all plants. The 

reduction in total carbohydrate contents by the silicon application, observed lesser in treated than non-silicon treated 

plants (Fig. 3 & 4).  
 

 

 

 

 

Changes in the amount of protein of Vigna unguiculata at different

 drought conditions with silicon (40 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna radiata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna radiata at different

 drought conditions with silicon (40 ppm) treatment. 
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Si + 100% soil moisture
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Fig. 3 

 

And the first and second treatments of silicon (20, 40 ppm) are found to be more beneficial for total carbohydrate 

contents than the third one (60 ppm). In cow peas, we found a slight increase in total carbohydrate contents with the 

increasing drought treatments on first week only to the moderately drought extend. But with the passage of time these 

contents decreased in comparison with the control in both silicon treated and non-treated plants. By the silicon 

application the reduction in total carbohydrate contents, observed lesser than non-silicon treated plants (Fig. 3 & 4).   
 

 

 

 

Changes in the amount of total carbohydrate of Vigna radiata at different

 drought conditions with silicon (60 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (20 ppm) treatment. 
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Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (60 ppm) treatment. 
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Si + 100% soil moisture
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Control + 50% soil moisture
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Control + 25% soil moisture
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Fig. 4 

4. DISCUSSION 
Drought is a serious global problem and one of the most important factors contributing to crop yield loss. Water 

shortages and soil water losses due to environmental change and land use change are challenges for new agricultural 

society. The dependence of the growth of a plant on its water status makes the measurement of water potential of 

extreme importance. Since anti-transparent increase plant water potential and can thereby increase plant 

growth.
22

Research shows that silicon benefits plants by improving the resistance to wilt, resistance to water stress 

(heat and drought), silicon, deposited in the cell walls, forms a protective layer reducing transpiration through the 

outer cells.
5 

Changes in the amount of carbohydrate of Vigna unguiculata at different

 drought conditions with silicon (40 ppm) treatment. 
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The adverse effects of drought on plant metabolism were repeatedly studied. These include some disturbances in 

carbohydrate metabolism as well as in nitrogen metabolism 
23-24

 particularly proline accumulation.
25-26

The contents of 

total carbohydrates (mg gm-1. dry weight) tended, in most cases, to decrease with the decrease of moisture level in 

the different organs of the variously treated plants.  

In present study we observed decreased carbohydrate contents with increasing drought in both species. These 

results are in conformity with those obtained by some other authors.
27

One of the main effect of environmental stress 

on growth and photosynthetic abilities of plants is the breakdown of the balance between the production of reactive 

oxygen species (ROS) and the antioxidant defense causing accumulation of ROS, which induces oxidative stress to 

proteins, membrane lipids and other cellular component.
8-9

 In environmental stresses conditions such as drought, high 

activities of antioxidant enzymes and high contents of non-enzymatic constituents are important for plants to tolerate 

stresses.
10

When subjected to drought stress, plants responded through alteration in physiological and biochemical 

processes. Additionally, enzymatic antioxidant systems including SOD, POD, and CAT played an important role in 

scavenging harmful oxygen species.
28

 

In some studies it was observed that drought stress inhibited the activities of antioxidant enzymes SOD, CAT 

and GR, enhanced the activities of GO and AP, and induced the accumulation of hydrogen peroxide which caused 

protein decomposition and oxidization, lipid per oxidation and decrease in photosynthetic pigments contents. 

By silicon application the reduction in carbohydrate and protein contents reduced in all treatments of both 

species. This might be due to the beneficial effects of silicon against oxidative damage of macromolecules. As 

previous studies showed that silicon alleviate the oxidative damage.
10

 

Shu & Liu also shows that silicon may be involved in metabolic or physiological activities in higher plants under 

drought,
29

 In some researches the results suggested that the improvement of silicon on drought tolerance of wheat 

plants was associated with the increase of antioxidant defense abilities, alleviation in oxidative damage of functional 

molecules and maintenance of many physiological processes such as photosynthesis under drought.
 10

 

Drought stress causes reduction in growth of the plants. Reduced growth may cause the accumulation of 

secondary compounds, because more carbon becomes available for their synthesis, since photosynthesis is less 

affected, and/or there is less biomass to dilute this compounds.
30

 
 

5. CONCLUTION 
By the investigation we can conclude that the application of silicon may produces beneficial effects on the primary 

metabolism of plants under the drought stressed condition and these effects of silicon on plant metabolism depends 

upon the applied concentration of silicon and the species selected for application.  
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of chemistry, i.e. physical, inorganic, organic and analytic chemistry, computational, environmental, photochemistry, 

photobiology, organometallic synthesis, nanotechnology, medicinal and drug etc. in the forms of Accounts, Full 

Papers, Notes and Communications. The authors must inform the Editors of manuscripts submitted to, soon to be 

submitted to, or in press at other journals that have a bearing on the manuscript being submitted. 

All submissions must be in keeping with the Ethical Guidelines to Publication of Chemical Research of the European 

Association of Chemical and Molecular Sciences. In particular, authors should reveal all sources of funding for the 

work presented in the manuscript and should declare any conflict of interest. Manuscripts containing animal 

experiments must include a statement in the Experimental Section to state that permission was obtained from the 

relevant national or local authorities. The institutional committees that have approved the experiments must be 

identified and the accreditation number of the laboratory or of the investigator given where applicable. If no such rules 

or permissions are in place in the country where the experiments were performed, then this must also be clearly stated. 

Manuscripts with experiments with human subjects or tissue samples from human subjects must contain a disclaimer 

in the Experimental Section to state that informed signed consent was obtained from either the patient or from next of 

kin. All articles must be written in English. Authors less familiar with the English language should seek assistance 

from proficient colleagues in order to produce grammatically and semantically correct manuscripts. 

Each contribution submitted to the Pakistan Journal of Chemistry will be sent to independent referees. Authors are 

encouraged to suggest three (3) suitable referees from Europe and North America (full names and affiliations 

including E-mail address). However, not exclusively those referees nominated by the authors will be contacted. All 

accepted manuscripts are edited before printing to ensure scientific consistency, clarity of presentation, and uniformity 

of style. 

For any assistance or query, please visit the website, or you can also email us.  

 

Website: www.pjchm.com 

Editor: editor@pjchm.com 

Technical Editors: technical@pjchm.com 

 

Journal is indexed in Chemical Abstract, Cab Abstract, Copernicus Index, DOAJ, and Google Scholar & under review 

in ISI Thomson Reuter and Scopus. 

Note: All Papers must be submitted online. 

Publication Cost (National / International): 3,000 Rs. / 100$ (USD) 
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