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Silkworm (Bombyx mori L.) is economically important monophagous insect for the production of a natural 
fiber ‘Silk’. Mulberry (Morus sp.) leaves is the only source for its entire requirement for good growth and 
development followed by quality and quantity silk production. So, the nutritive status of mulberry is 
having a pivotal role in the success of silkworm rearing. Mulberry foliage nutrition levels have been 
influenced by many factors including agricultural practices and variety. Even after following optimum 
agricultural practices, mulberry is susceptible to various pests and pathogens. Jassids is one important 
sap sucking pest and information about the nutritional level in mulberry under this pest attack is very 
scanty. So, an attempt have been made to know the influence of jassids infestation on the six macro 
(nitrogen, phosphorus, potassium, calcium, magnesium and sulphur) and seven micro nutrients (zinc, 
iron, manganese, copper, boron, molybdenum and chloride) level in mulberry foliage. It was found that 
there was a wide variation in macro and micro nutritive elements in jassids infested mulberry leaves 
compare to healthy ones. These variations the mineral nutrients results in nutritional inferiority of 
mulberry leaves, which is detrimental to growth and development of silkworm.  
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INTRODUCTION 
 
Mulberry (Morus sp.) is a fast growing deciduous woody perennial tree grown under varied climatic conditions 
ranging from temperate to tropics. It produces very large amount of renewable bio-mass in the form of branches, 
shoots, leaves and fruits. The mulberry foliage is a major economic component is sericulture as it is the sole feed of 
mulberry silkworm, Bombyx mori. The quality and quantity of leaf produced per unit area has direct impact on 
cocoon harvest. Like other agricultural crop plants, mulberry is also prone to attack by various insect and non-insect 
pests. It reduces the leaf yield and quality which reflects adversely on quantum of silkworm rearing and silk 
productivity. Jassid, Empoasca flavescenes F. (Homoptera: Cicadellidae) commonly called leaf hoppers is the major 
sucking pest of mulberry (Reddy and Kotikal, 1988). Both adult and nymphs of little greenish hoppers sucks the sap 
on the underside of the leaf, at the time of sap sucking from the veins and causing characteristic non-contagious 
symptoms known as “hopper burn”. Initially symptoms appear as triangular brown spots at the tip of the leaf. 
Similar triangles appear at the end of veins and the entire margin may roll upward and turn down at one time, as 
though scorched by fire or drought (Sengupta et al., 1990). Gradually, the affected leaves become brick red or brown, 
crinkled and curled, and ultimately the plant shows stunted growth. The characteristic symptom is a result of 
dynamic interaction of complex insect feeding stimuli and plant responses triggered by a unique type of stylet 
movement (Backus et al., 2005). It is well known truth that the yield and quality of mulberry is varied due to pests 
and pathogens. There are good amount of information is available regarding the variation in mulberry nutritive 
under microbial and pest attack. But, it is scanty or meager information is available about mulberry under jassids 
infestation. Therefore, an attempt has been made to know the impact of jassids infestation on the nutritive elemental 
levels in mulberry foliage.  
 

MATERIALS AND METHODS 
 
The jassids infested and healthy mulberry (6 varieties viz., M5, MR2, Mysore local, S36, S54 and V1) were collected from 
plantations in and around Tumkur district and Kanakapura taluk, Ramanagara district (Karnataka state, India). They 
were washed thoroughly with distilled water and blotted to dry. The leaves were dried in hot air oven at 60–65◦C for 
48 hrs. The dried leaf materials were grinded to fine powder and used for analysing micro and macro mineral 
elements. The Micro-Kjeldahl flask method was followed to estimate total nitrogen content Piper (1966). To analyse 
the mineral elements level, one gram of dried mulberry was digested over sand bath until clear solution, by using15 
mL of nitric acid followed by addition of 10 mL of perchloric acid. It was cooled and by using a de-ionised water the 
volume was made up to 100 mL. It was filtered through Whatman’s No. 1 filter paper (GE Healthcare, Little 
Chalfont, UK). 25 mL aliquots were used to estimate mineral nutrients of phosphorus and potassium by using Elicol 
CL 360 Flame Photometer. Atomic Absorption Spectrophotometer was used to analyse the quantity of calcium, 
magnesium, sulphur, zinc, iron, manganese, copper, boron, molybdenum and chloride (Martin et al., 1987). The 
obtained data were subjected to Student’s t – test (Dixon and Massey, 1957). Significant differences were expressed at 
p < 0.05 and p < 0.01 levels. The results were also compared by change by percentage (decrease/increase) in the 
infested and healthy leaves.  
 

RESULTS AND DISCUSSION 
 
The six macro nutrients (Nitrogen, phosphorus, potassium, calcium, magnesium and sulphur) and seven micro 
nutrients (zinc, iron, manganese, copper, boron, molybdenum and chloride) were varied in jassids infested leaves of 
popular six indigenous mulberry varieties (M5, MR2, Mysore local, S36, S54 and V1) compared to healthy ones. 
 
Macro nutrients (Table – 1) 
The macro nutrients were varied in the mulberry varieties due to jassids infestation. Nitrogen is a critical limiting 
element for mulberry growth and production. It is a major component of chlorophyll, the most important pigment 
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needed for photosynthesis, as well as amino acids, the key building blocks of proteins. It is also found in other 
important biomolecules, such as ATP and nucleic acids. The N content of the mulberry determines the quality of the 
foliage (Shankar, 1997). In this study, the nitrogen content was reduced in all the varieties considered except MR2 
(0.71 %) where it was increased. It was significant in the Mysore local and S54 varieties. The maximum (2.38 %) and 
minimum (0.22 %) was observed in Mysore local and V1 varieties respectively. It was observed that there was a 
decreased N content in thrips infested tender and medium leaves of K2, S13, S34 and S36 mulberry varieties (Satya 
Prasad et al., 2002). Similar decreased trend of N content was noticed by Narayanaswamy et al., (1999) due to 
spiralling whitefly attack on mulberry leaves (M5 var.). The damage caused by insect pest through sucking of the leaf 
sap may lead to altered metabolic activity in turns results in declined protein synthesize or else failure in 
mobilization of protein to the infected tissues to develop resistant to insect bite (Satya Prasad et al., 2002). Since, N is 
a biologically important macro-nutrient, its reduced level leads to stunted growth of shoot and root, reduced leaf 
area, prolonged bud dormancy and delayed flowering in mulberry (Manuel Sanchez, 2006). The limited leaf protein 
hinder the biosynthesise of silk which comprises two proteins i.e., fibroin and sericin (Rangaswami et al., 1976). 
Subbarayappa and Bongale (1997) noticed a highly significant correlation between N content of mulberry leaf and 
silkworm body weight, cocoon and shell. Therefore, reduced N level due to pest injury in mulberry obviously causes 
reduction in availability of amino acids and protein for the silkworms, which adversely affects their growth and 
development.  
 
Phosphorus (P) is an important major nutrient in mulberry plant. It is a component of the complex nucleic acid 
structure of plants, which regulates protein synthesis. Therefore, it is very important in cell division and 
development of new tissue. Phosphorus is also associated with complex energy transformations like ATP. In the 
present work, the phosphorus content was decreased in leaves of M5, Mysore local, S36 (15.79 %), S54 (3.70 %) and V1 

varieties. However, in MR2 it remained unaltered. The decrease was significant in S36 and V1 hopper burnt varieties. 
Narayanaswamy et al., (1999) noticed a reduced (26.53 %) in the P content in mulberry (M5 var.) due to spiralling 
whitefly infestation. Similarly, it was decreased (43.14 %) in the leaf roller infested mulberry foliage (Naryanaswamy, 
2003). Inadequate amount of P level affects the uptake of other nutritive elements in mulberry leaves for various 
other physiological activities, it in turn hampered the growth, and economic characters of silkworm, which is very 
essential for monophagous insect, Silkworm (Ito and Nimura, 1966; Chakrabarti et al., 1997).  
 
Potassium (K) does not become a part of the biochemical structure in plants, but plays important regulatory roles. K 
moves into the guard cells around the stomata’s, the cells accumulate water and swell, causing the pores to open and 
exchange carbon dioxide (CO2), water vapor, and oxygen (O2) with the atmosphere. The potassium was reduced in 
the leaves of M5, MR2 (2.26 %) and Mysore local (0.48 %) and increased in the S36, S54 (0.55 %) and V1 (13.81 %) 
varieties. the decrease was significant in the M5, MR2 and V1 varieties. The K content in spiralling whitefly infested 
mulberry (M5 var.) leaves was increased by 19.41 % over healthy ones (Narayanaswamy et al., 1999). On contrast, K 
was reduced by 5.61 % in leaf roller infested mulberry (M5 var.) foliage (Narayanaswamy, 2003). The enzyme 
responsible for synthesis of starch (starch synthetase) is activated by K. Thus, with inadequate K, the level of starch 
declines while soluble carbohydrates and N compounds accumulate. Therefore, it also plays a significant role in high 
yield (productivity) and quality of leaf (Shree et al., 2005). It also involved in translocation of carbohydrates, protein 
metabolism, fungal pathogen tolerance in mulberry. The deficiency leads to accumulation of hydrogen peroxide in 
plants which is toxic and results in abnormal respiration and catalase activity (Manuel Sanchez, 2006). In the 
silkworm body, strong alkalinity of the gastric juice originates from potassium and sodium compounds present in the 
heamolymph. The high alkaline condition of digestive fluid has a strong germicidal power against pathogens. K is a 
unique element which contributes for the growth of silkworms to maximum extent. In addition, K has a stimulating 
effect on protein synthesis including silk protein in the silk glands and on the function of ovary (Shankar et al., 1990).  
 
Calcium (Ca), in the form of calcium pectate, is responsible for holding the cell walls together in plant. Its deficiency 
causes incomplete cell division or mitosis, without formation of new cell wall resulting in multi-nucleatic cells 
(Bidwell, 1979). Calcium is also important in activating certain enzymes and to acts as second messengers in cell 
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signaling that coordinate certain cellular activities. Calcium acts as detoxifying agent by neutralizing organic acids 
such as oxalic acid which helps in membrane stability and maintenance of chromosome structure, activity of enzymes 
and translocation of carbohydrates. It is also involved in the differential permeability of membranes (Shankar, 1997).  
In the present investigation, the calcium content was decreased in all the varieties considered except in the V1 (1.08 
%), where it was increased. The maximum (2.22 %) and minimum (0.97 %) decrease was observed in the M5 and 
Mysore local varieties respectively. Narayanaswamy et al., (1999) noticed a decrease (35.31 %) in the Ca content in 
spiralling whitefly infested mulberry (M5 var.) leaves. There was decrease of Ca content (39.52 %) in leaf roller 
infested mulberry (M5 var.) foliage over healthy (Narayanaswamy, 2003).  
 
Magnesium (Mg), the central atom of chlorophyll, with its specific electron resonance properties to which the organic 
components of chlorophyll is responsible for photo-reduction and photochemical breakdown of water are attuned, is 
vital for the process of photosynthesis (Bergmann, 1992). Apart from this, Mg is of importance mainly as a co-factor 
and activator for many enzymes and substrate transfer reactions (Gunther, 1981). In the present investigation, the 
magnesium content was also reduced in all the varieties except in S54 (2.63 %) variety. The decrease was in the range 
of 2.38 % to 5.19 % in MR2 and Mysore local varieties respectively. The Mg content was reduced (23.59 %) in the 
spiralling whitefly infested mulberry (M5 var.) leaves (Narayanaswamy et al., 1999). Narayanaswamy (2003) observed 
reduced (27.11 %) Mg content in the leaf roller infested mulberry (M5 var.) foliage. Thangavelu and Bania (1990) 
noticed an accelerated growth and increases in oviposition rate of silkworm due to the Magnesium content. Ca and 
Mg accelerated the growth of silkworms and reduced the larval duration; decrease in the intake of these elements 
reduced the body weight of silkworms (Chakrabarti et al., 1997). 
 
Sulphur (S) is known to have an important role in the synthesis of proteins, oils and vitamins (Epstein, 1972). It plays 
a vital role in the N metabolism and proper development of mulberry plant tissues (Munirathnam Reddy et al., 1990). 
It is a constituent of amino acids, cysteine (contains 27 % of S) and methionine (contains 21 % of S). In the present 
study, the sulphur content was decreased in the leaves of M5 (15.79 %), Mysore local (6.12 %), S54 and V1; increased in 
the S36 (11.76 %) and no changes were observed in the MR2 variety due to hopper burn. The S content was increased 
(11.11 %) in the spiralling whitefly infested mulberry (M5 var.) leaves (Narayanaswamy et al., 1999) and it decreased 
(47.76 %) in the leaf roller - infested mulberry (M5 var.) leaves (Narayanaswamy, 2003). This is because of the 
association of sulphur - amino acid viz., methionine and cystine, methionine forms one of the ten essential amino 
acids for silk formation in silkworms. Cystine and cysteine are among the non-essential amino acids, the quantitative 
presence of which influences the formation of fibroin over sericin (Mahadevappa et al., 2001). Deficiency of S level 
leads to low level of S - containing amino acids, thus reducing protein synthesis. As a result, amino acids without S 
and amides of nitrate ions accumulate in the plant tissue and lead to decrease in sugar as well as insoluble N 
(protein) in plants (Munirathnam Reddy, 1990). 
 
Micro - nutrients (Table – 2) 
 
Mulberry needs micronutrients like zinc, iron, manganese, copper, boron, molybdenum and chloride in very small 
quantities. They play a pivotal role in the enzymatic reactions in turn govern the growth, development and yield of 
mulberry, wherein they participates in enzymatic reactions. The metal activators in enzymes are nothing but 
micronutrients (Shankar, 1997).  
 
Similar to macro nutrients, the micro nutrients also shown a variation in jassids infested leaves mulberry varieties 
compare to healthy ones. The micro nutrients like zinc was reduced in all the six varieties viz., M5, MR2, Mysore local, 
S36, S54 and V1 due to jassids infestation. The reduction was in the range of 0.40 % to 2.04 % in S36 and S54 varieties 
respectively. A significant increase was observed in the Zn content in tender and medium leaves and decrease in 
coarse leaves in mulberry plants infested by giant African snails (Shree and Ravi Kumar, 2002). Among all other 
micro nutrients, 50 % of Zn assimilation at later larval stage passed to silkworm seed. It also increases the silk 
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filament length and pupal weight (Chakrabarti et al., 1997).  The excess in Zn content in mulberry leaves leads to 
reduction in cocoon yield (Lokanath et al., 1986). 
 
The iron (Fe) is present in the chloroplast proteins and several enzymes. It plays a dominant role in protein 
metabolism and N fixation (Shankar, 1997). In the present study, the iron was decreased in the leaves of M5, MR2 (0.55 
%), S54 (1.69 %) and V1; increased in S36 (0.64 %) and no changes were observed in the Mysore local variety. In 
contrasting these, Shree and Ravi Kumar (2002) noticed a decrease in the Fe content of mulberry (M5 var.) leaves of all 
the three maturity levels (tender, medium and coarse) due to giant African snails attack. The increase may be due to 
failure in its translocation to the physiologically active site (Nagaraja, 1987). The altered Fe content in mulberry 
foliage resulted in the reduced larval weight, cocoon weight and silk filament length (Shankar, 1997). 
 
Manganese (Mn) is essential for the synthesis of chlorophyll. It is immobile and its principal function is to activate 
some of the enzyme systems in plant physiology and to some extent regulation of Fe metabolism. In addition, it has a 
close relation with N metabolism (protein), assimilation of carbohydrates and formation of vitamin C. It is involved 
in oxidation - reduction processes and electron transport system (Shankar, 1997). In the current study, the manganese 
content was reduced in the infested leaves of M5, MR2, Mysore local (0.76 %) and S54 (3.10 %) varieties. However, 
there was no changes were noticed in the leaves of S36 and V1 variety. Shree and Ravi Kumar (2002) noticed a 
contrasting results that Mn content was increased as well as decreased in the giant African snails infested mulberry 
(M5 var.) leaves. The increase was significant in medium and coarse leaves, the significant decrease in tender leaves.  
Fe and Mn have potentiality to enhance the larval (silkworm) development, filament length of single cocoon, cocoon 
weight and yield (Lokanath et al., 1986). 
 
A number of enzymes with diverse properties and functions are dependent on copper (Cu) and the metal ion is 
found in many proteins especially chloroplast proteins (Shankar, 1997). In the present investigation, the copper 
content was decreased in the hopper burnt leaves of M5 (0.17 %), S36, S54 and V1 (0.45 %) but, increase in the Mysore 
local (0.16 %) and remained unaltered in the MR2 variety. Shree and Ravi Kumar (2002) noticed a decrease in the 
copper content of tender, medium and coarse leaves of giant African snails infested leaves of M5 mulberry cultivar. 
The boron (B) was reduced in the leaves of all varieties assayed except in V1, where it shows no alterations due to 
jassids infestation in this study. The maximum (13.33 %) and minimum (6.90 %) reduction was observed in the 
Mysore local and MR2 varieties respectively. Boron plays an essential role in the growth and development of new 
cells in plant meristem. This element bears close relation with the translocation of carbohydrates and protein 
synthesis. In addition, the phenol metabolism and auxin activity is also regulated by boron. It also associated with the 
uptake of Ca and its utilization and regulates K and Ca ratio in plants (Shankar, 1997). 
 
Molybdenum (Mo) has a close association with N utilization and metabolism in plants by regulating two important 
enzymes viz., nitrate reductase and nitrogenase. In addition, it also reduces protein metabolism in combination with 
other micronutrients especially Fe (Shankar, 1997). The molybdenum content was reduced in jassids infested 
mulberry leaves of all the varieties except M5, where it remained unaltered. The decrease was in the range of 1.92 % 
to 10.81 % in S36 and V1 varieties respectively. The chloride content was reduced in the leaves of MR2 (1.09 %), Mysore 
local (3.67 %), S54 and V1; increased in the M5 (4.44 %) and no changes in the S36 variety due to jassids infestation. 
Chloride is involved in photosynthesis, synthesis of starch, cellulose and lignin. It influences water holding capacity 
of plant tissues. It stimulates the activities of some enzymes. It is not readily mobile in plants (Shankar, 1997). 
 
In the present investigation, it has been proved that mineral nutrition of the host is imbalanced due to pest - 
infestation. Similar variation in mineral nutrition were observed when mulberry leaves were infested by other sap 
sucking pests like jassids (Mahadeva et al., 2006), spiralling whitefly (Mahadeva and Nagaveni, 2012), thrips 
(Mahadeva and Shree, 2014) and mealy bugs (Mahadeva and Shree, 2006; Mahadeva and Shree, 2015). The spiralling 
whitefly is a phloem sap feeder and its direct consumption of transportable carbohydrate and other nutrients carried 
in phloem reduces productivity of host plants by competing for available nutrients and causing premature leaf 
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shedding (Bryne et al., 1990). This may be due to direct plundering by the pest or indirect effects of the pest on 
absorption, mobilization, etc., (Vamseedhar, 1999). Most sap sucking insects use a specialized mouth part, the stylet, 
to locate, penetrate and drain sap from the phloem sieve elements of the plants vascular tissue. Heavy infestation by 
sap sucking insects cause chronic shortages of photosynthates and thus severely reduces the growth potential of the 
plant (Kim Hammond-Kosack et al., 2000).  
 
If the mineral content is increased due to infestation/infection, it induces toxicity symptoms not only in mulberry 
plants, but also in silkworms. Likewise, if a macro and micro elements are deficient in mulberry leaves due to 
infestation/infection a physiological disorder will occur. This makes leaves to be nutritionally inferior. Obviously, the 
increase or decrease in the mineral content(s), affects the growth and development of silkworms, which consequently 
alters the quality of silk produced (Ito and Nimura, 1966; Shree et al., 2005). Horie et al., (1985) observed that higher 
Ca, Mg and Fe content in mulberry stimulates the metabolic activity of silkworm and results in variation of economic 
characters i.e. shorter larval duration and increased pupation rate. Since, silkworm is a monophagous insect, 
mulberry leaves is the only source of nutrition. Growth and development of silkworms depend on the nutritive 
status of leaves. Therefore, mineral nutrition of mulberry foliage has a decisive role in the production of good quality 
cocoons. If there is an imbalance in elemental contents (mineral nutrition), the leaf quality is severely deteriorated, it 
may affect adversely on quality and quantity production of silk (Mahadeva and Shree, 2005). Therefore, the 
sericulturist’s must avoid the feeding silkworm infested with pests and diseases. They should also follow eco-
friendly Integrated Pest Management (IPM) as preventive measures to avoid poor outcome of silkworm rearing and 
economic loss caused by pests.  
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Table. 1: Changes in the macro nutrients in the jassids infested mulberry foliage. 
 

Mulberry 
Varieties 

Nitrogen (%) 
Phosphorous 

(%) 
Potassium 

(%) 
Calcium 

(%) 
Magnesium 

(%) 
Sulphur 

(%) 
H I H I H I H I H I H I 

M5 
3.70 3.68 0.28 0.26 2.72 2.69** 1.35 1.32 0.64 0.62 0.19 0.16 

(-0.54) (-7.14) (-1.10) (-2.22) (-3.13) (-15.79) 

MR2 
2.80 2.82 0.25 0.25 3.99 3.90** 1.90 1.86 0.77 0.73 0.26 0.26 

(+0.71) (----) (-2.26) (-2.10) (-5.19) (----) 

Mysore local 
4.20 4.10** 0.26 0.28 4.17 4.15 3.09 3.06 0.84 0.82 0.49 0.46 

(-2.38) (-7.69) (-0.48) (-0 .97) (-2.38) (-6.12) 

S36 
2.21 2.19 0.19 0.16** 3.34 3.36 3.01 2.96 0.46 0.44 0.17 0.19 

(-0.90) (-15.79) (+0.60) (-1.66) (-4.35) (+11.76) 

S54 
3.59 3.55* 0.27 0.26 1.82 1.83 2.36 2.31 0.38 0.39 0.36 0.32 

(-1.11) (-3.70) (+0.55) (-2.11) (+2.63) (-11.11) 

V1 
4.53 4.52 0.23 0.20* 4.20 4.28** 2.77 2.80 0.51 0.49 0.22 0.19 

(-0.22) (-13.04) (+13.81) (+1.08) (-3.92) (-13.64) 
H = Helahty, I = Infested, ** - Highly significant at 1%;  * - Highly significant at 5 %; Values in brackets ( ) indicate % 
difference over healthy (+ = more than; - = less than; ---- = not altered). 
 
Table – 2 : Changes in the micro nutrients in the jassids infested mulberry foliage. 
 

Mulberry 
Varieties 

Zinc 
(ppm) 

Iron 
(ppm) 

Manganese 
(ppm) 

Copper 
(ppm) 

Boron 
(ppm) 

Molybdenum 
(ppm) 

Chloride 
(%) 

H I H I H I H I H I H I H I 

M5 
176 174 320 317 226 222 12.12 12.10 21 19 0.59 0.59 0.90 0.86 

(-1.14) (-0.94) (-1.77) (0.17) (-9.52) (----) (+4.44) 

MR2 
131 129 362 360 240 238 11.10 11.10 29 27 0.62 0.60 0.92        0.91 

(-1.53) (-0.55) (-0.83) (----) (-6.90) (-3.23) (-1.09) 
Mysore 

local 
126 124 284 284 262 260 12.26 12.28 30 26 0.48 0.46 1.36 1.31 

(-1.59) (----) (-0.76) (+0.16) (-13.33) (-4.17) (-3.67) 

S36 
251 250 312 314 212 212 10.09 10.06 24 21 0.52 0.51 1.21 1.21 

(-0.40) (+0.64) (----) (-0.30) (-12.50) (-1.92) (----) 

S54 
196 192 296 291 290 281 10.31 10.27 22 20 0.32 0.31 0.99 0.96 

(-2.04) (-1.69) (-3.10) (-0.39) (-9.09) (-3.13) (-3.03) 

V1 
183 180 270 268 230 230 8.90 8.86 18 18 0.37 0.33 1.14 1.12 

(-1.64) (-0.74) (----) (-0.45) (----) (-10.81) (-1.75) 
H = Helathy, I = Infested. ** - Highly significant at 1%;  * - Highly significant at 5 %; Values in brackets ( ) indicate % 
difference over healthy (+ = more than; - = less than; ---- = not altered). 
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Recent changes in climate conservation of water reuse and recycling became essentiality; hence treatment 
of waste water is elemental. Synthetic dyes are used in textile industries became major source of 
contaminants of water. Without treatment of these effluents into natural water bodies may leads to long 
lasting harmful effects due to half life of dyes and their intermediates. Recently Biological treatment gain 
importance, by the usage of microbes one can completely decolorize and degrade these dyes in the 
effluent and water can be reused. By the application of concept isolated dye decolorizing novel bacterial 
strain Klebsiella sps- CMGS-3, from the soil collected from the textile industrial area solapur. Isolate could 
decolorize initially added 82.3% of reactive red-11(100mg/L) in mineral salt of medium without any 
additional nutritional source within 72 hours of incubation. The decolorisation efficiency was increased 
drastically around 95% of initially added RR-11 within 16 hours of incubation, when decolorisation was 
performed under optimized conditions with 0.1% of yeast extract and dye concentration of 200mg/L. It 
also decolorize structurally different dyes  Reactive orange -16 94.5%, Reactive violet -1 93.5% and 
Reactive navy blue 59- it was 94.1% Reactive blue MR- 56.3%, Reactive yellow -86 67.4%,  Through these 
data results it concludes that the isolate CMGS-3 was the better candidate for the decolorisation of wide 
range of reactive azo dye.  
  
Keywords : Decolorisation, reactive dyes, Klebsiella sps. 
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INTRODUCTION 

Among the environment problems water pollution became major issues. Synthetic dyes are extensively used in 
various industries, after china, India is the second largest dye manufacturer and exporter (Sriram et al., 2013). It is 
estimated that more than 10,000 varieties of synthetic dyes are available and being used commercially, and also 
studied that in textile effluent waters dye concentration range is from 10-200 mg/ L( Kadam et al., 2011). Out of all 
synthetic dyes reactive azo dyes are used maximum (Saratale et al., 2010).  Reactive dyes having binding capacity 
with fabric is only 50 to 70% so effluent containing high concentration of reactive dyes   thus alter COD, TOC, BOD 
causes a drastic effect on ecosystem. The recalcitrant nature, of dye causes toxic effect on living systems and earth 
structure (Jadhav et al., 2010 ;Kalyanee et al., 2007).Azo dye containing azo bonds between  nitrogen = nitrogen these 
bonds acts as  the coloring agents and having simple application procedures, less cost and uses less energy 
(Othman et al., 2011). Microbial degradation achieved promising role in the degradation of dyes. And the 
biodegradation process well established and powerful can be used in industrial and domestic purpose, having the 
genetic level capacity to degrade to degrade aromatic organic compounds (Manogari et al., 2008: Jayarajan et al., 
2011). Moreover biological treatment is ecofriendly, require less cost, can be reutilized for the industrial and 
agriculture purpose (Mondal et al., 2009). Several microorganisms can able to degrade dye which includes fungi, 
bacteria, yeasts, algae can be using but compare to all bacterial degradation is fast and effective , it cleaves azo bonds, 
completely neutralize the dye.  Hence tentatively identified   Klebsiella sps CMGS-3, isolated from surrounding soil of 
textile area, having capacity to degrade reactive red -11, and wide range of dyes. So could helps in the resolving of 
environmental problems. 

 
MATERIALS AND METHODS 

Dyes  
The dyes used in this study are azo reactive dyes namely Reactive orange -16, Reactive blue-4 ,Reactive yellow – 84, 
Reactive red -11, Reactive violet-1 and were procured from Colorise  and Heena  Textiles Industries, Ahmadabad 
(Gujarat)  and sigma Aldrich U.S.A. Out of these reactive red-11 was selected for the decolorisation study, it is a 
polycyclic aromatic  with single azo bonded chromopheric group having Chlorine, SO3OH, NO2, as reactive group 
attached with benzene rings. It is having molecular weight—681.33 with a λmax540nm, and water soluble in nature 
and widely used   in the dying of cotton, viscose fabrics and silk. 
                             
Mineral Salt Medium (MSM) 
The chemicals used for the media, reagents, stains preparations were analytical graded. The mineral salt medium 
(MSM) composition broth was prepared by adding Na2HPO4.2H2O -12.00 g, KH2PO4 -2.00 g, NH4NO3 -0.50 g,  MgCl2. 
6H2O -0.10 g, Ca(NO3)2. 4H2O - 50.00 mg, FeCl2.4H2O - 7.50 mg to 1000 ml of distilled water and to this 10 ml of trace 
elements solution was added before adjusted the pH to 7.0.  Trace elements solution was prepared by adding 
FeSO4.7H2O -10 mg, ZnSO4. 7H2O- 10 mg,  CuSO4.5H2O- 1 mg,  CaCl2.6H2O  - 1 mg, MnSO4.H2O -1.7 mg to 1000 ml of 
distilled water. MS agar medium was prepared by adding 1.8 % agar to MS broth. All media were sterilized at 121o C 
for 15min before use (Brilon et al., 1981). The MSM blended with required amount of testing dyes was used as 
decolorizing medium (DM) for isolation of dye decolorization experiments.  
 
Collection and Preparation of samples for isolation of dye degrading bacteria 
The soil samples were collected from different sites of dye industry and textile treatment unit solapur, in sterile 
containers and brought to laboratory. The samples were prepared by adding 10 gm of soil sample and 10 ml of water 
sample added 100 ml of sterile saline (0.9%) and mixed, flask kept on the orbital shaker for 1hour at 120 rpm.  The 
flasks were allowed to stand at room temperature settle down the soil and supernatant was collected and used for the 
isolation of dye degrading bacteria by inoculating 10-20 ml to 100 ml dye degrading MS broth. Routine observation 
were made to check decolorisation ability and flasks showing decolorisation more than 50% were selected and 
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transferred to again fresh DM  broth. Flasks showing decolorisation in freshly added medium were selected, for the 
isolation of decolorizing bacteria streaking on mineral salt agar with 100mg/l RR-11, the bacterial colony showing 
zones were selected and used for the decolorisation experiments. 
 
Preparation of bacterial pre-inoculum 
Single isolated colony of isolate CMGS-3 on the mineral salt agar medium containing RR-11 (100 mg/L) was 
aseptically added to 10 ml of nutrient broth and incubated at 35o C for overnight. After checking the purity of the 
culture transfer all (10ml) to 100ml of  MSB containing 100 mg/L of reactive red-11 and 0.1% of yeast extract and 
incubated under static conditions at 35⁰C. The complete decolorized dye culture was once again checked for its purity 
and was used as pre-inoculums for further studies. 

 
Decolorization assay  
 Dye decolorisation in MS broth supplemented with yeast extract (0.1% w/v) and reactive red-11 (200mg/L) complete 
decolorisation of dye occurred within 24 hours of duration. Dye decolorization was confirmed by the checking 
optical density of supernatant at 540 nm for different intervals of time during incubation period. The percentage of 
decolorisation was calculated by following equation (R. Dave and H. Dave., 2009). 
 
Calculation of % decolorization 

Percentage of decolorization =initial O.D-final-O.D X 100/initial O.D 
 

Optimization of various factors for maximum decolorisation of   RR-11 by isolate CMGS-3 
For optimization of each biotic and abiotic parameter used the decolorisation assay protocol by varying one 
parameter and keeping   all other parameter constant. The parameter  tested to optimizations were pH, temperature, 
aeration, salt concentration and inoculum size using determined optimum value of each parameter for the effect 
addition of carbon and nitrogen sources on the decolorization efficiency was checked by 1% various carbon and 
nitrogen sources(Jain et al., 2012; Moosvi et al., 2007; Bheemaraddi et al ., 2014; Rajeshwari et al ., 2014;). 
 
Determination of reactive red-11 decolorization efficiency of isolate CMGS-3 
To determine the reactive red-11 decolorization efficiency of isolate CMGS-3 was performed  adding 200 mg/L 
reactive red-11 to 100 ml of decolorization medium with all optimized conditions then added 10 % of bacterial 
inoculums and incubated at 350 C. To determine rate of % RR-11 decolorization at different intervals of incubation 
period, decolorized sample was drawn from flask aseptically and centrifuged at 10,000 rpm for 10 min then 
supernatant was used for scanning from 190 to 900 nm in a UV–Vis spectrophotometer. A decrease in the optical 
density at λ max 540 nm and no peaks at different wave length during the scanning and compared to control indicates 
decolorization of dye is due to degradation.  
 

RESULTS AND DISCUSSION 

Isolation and Characterization of reactive red -11 decolorizing bacteria 
The colonies showing clear zone on the MS agar plate containing 100mg/l RR-11 were selected for the further 
characteristic observation by studying their cultural, morphological, and biochemical characters, growth 
characteristic on the differential and selective media and other characteristics are given in table-1. Compared the 
results of all conventional methods with the results in the standard taxonomical book up to genus level with the 
characters described in the slandered taxonomy books, (Bergey’s manual of systematic bacteriology edition-2) isolate 
tentatively identified as  Klebsiella sps and the name given to isolate as Klebsiella CMGS-3.Based on the results isolate 
tentatively identified as klebsiella sps and designated as klebsiella CMGS-3. 
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Optimization of   RR-11 decolorizing isolates CMGS -3 for the enhancement decolorisation activity 

Decolorisation of RR-11 with and without yeast extract by isolate CMGS-3 
In the decolorisation of RR-11 (100mg/l) without yeast extract, isolate   Klebsiella sps CMGS-3could utilize RR-11 as 
sole source of carbon and decolorizes 82.3% of initially added   RR-11 within 72 hours of incubation period. However 
further incubation period does not effect on the decolorisation (fig-2). On the other hand addition of 0.1% yeast 
extract to decolorizing medium (DM) around 95% of decolorisation of initially added RR-11 was occurred within 16 
hours of incubation period and was same even the initial dye concentration was increased to 200mg/l(fig-3).many of 
the earlier reports on decolorisation of azo dyes by bacteria under static conditions suggested that even it does not 
favors  the growth of bacteria but enhances the decolorisation process by  regenerating NADH which acts as electron 
donors in azo bond reduction (Kadpan et al ., 2000; Jain et al., 2012). 

 
Optimization of pH  
CMGS-3 shown effective RR-11 decolorisation in wide range of pH ranges from 4 to 14 and precent decolorisation 
was around 60% and above, highest decolorisation was at   pH-8(95%)  however it was more than 70% in the pH 
through 7 to 11.  Other reports on th degradation of reactive black 5,a bacterium Pseudomonas entomophila BS1 by 
(khan et al., 2015 )shown good decolorisation between 5 to9 pH (Imran et al., 2014) showed that Shiwanella sps IFN4 
decolorized mixed azo dyes in the pH range of 5-9. 
 
Optimization of temperature 
Temperature plays a important role in the decolorisation of dyes, isolate CMGS-3 shown degradation ranging from 
the 20 to 500C and was around 80% and above from 25 to 45⁰C with highest decolorisation at 35⁰(96%) was the 
optimum for isolate.   Reports on Staphylococcus hominis RMLRT03 strain showed decolorisation, in temperature from 
20–35°C in the degradation of acid orange (Singh et al., 2012). Some isolate shown decolorisation in lesser 
temperatures, Alcaligenes sp. Aa09 shown complete Decorisation, at 250C temperatures, in the degradation of   
Reactive Red BL (Pandey et al., 2012).  
 
Optimization of salt concentration 
This isolate is tolerate 1% salt concentration  without change in its decolorizing efficiency above this activity is 
reduced and was 50% at 5%  of NaCl.CMGS-3 shows lesser degradation when salt concentration was increased.  But 
some reports shown microbes may tolerate higher amount of salt concentration, (Mallikarjun, et al., 2014) reported 
Paracoccus sps shown decolorisation up to 6% salt concentration. 
 
Optimization of inoculum size 
Even though azo dyes decolorisation is not potentially increased with cell growth minimum bacterial inoculation 
required for the maximum decolorisation of RR-11 by isolate CMGS-3.It was found to be necessary for maximum 
decolorisation (Sahastrabdhe et al., 2014).  Enterococcus faecalis YZ66 showed 10% of inoculums size as optimum and 
in the degradation of red 3BN by the bacterial strain Bacillus cereus shown inoculums size 8% (Praveen Kumar and 
Sumangala, 2012). 
 
Optimization of Dye concentration 
The percent decolorization of RR-11 at increased dye concentrations. Percent decolorization values obtained at 16h of 
incubation were found to be  95.30, 94.23, 85.93, 86.63 and 70.32 % respectively over a dye concentration of, 200, 400, 
600, 800 and 1000 mg/l optimization of dye concentration. Highest decolorization of 95.3 % of RR -1 by the bacterial 
strain CMGS-3 was observed at a dye concentration of 200 mg/l (Jain et al., 2012) observed dye concentration effect 
the decolorisation efficiency and in report of stated that higher concentration of dye may having inhibitory effect on 
decolorisation and also high concentration of reactive azo dye inhibits nucleic acid synthesis in microbial cell growth 
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(Kalyani et al., 2009). Bhatt et al., (2005) stated increase in the dye concentration effect on the percent of decolorisation. 
Anjaneya et al., (2011) reported decolorisation of metanil yellow by lysinibacillus sps and bacillus sps was  (200 
mg/L). 
 
Decolorization of in different kinds of dyes 
Effective of individual dyes on decolorization of RR-11 
The percent decolorisation was more than 50% for all Dyes tested and was more than 90% with Reactive orange-16, 
Reactive navy nlue059. And Reactive violet-1.Patil et al., (2008) stated the decolorisation capacity of an organism 
mainly depends on the  structure, molecular weight, various chemical substitutes, inhibitory groups like –NO2, 
SO3NA etc. 
 
Optimization of additional nutrients for maximum decolorization of isolate CMGS-3 

Optimization of additional Carbon source and nitrogen sources 
In additional of a different carbon source not shown any enhancement n the decolorizing efficiency of isolate CMGS-
3 however only additional nitrogen source in the form of yeast extract was enhanced the decolorisation efficiency 
drastically (94.8%) within 16 hours of incubation. And the maximum decolorisation was studied in 0.1% of yeast 
extract and these concentration used throughout the studies (fig-10). Rajeshwari et al., (2014) showed Lysinibacillus 
spharicus RSV-1, shown degradation with the increase of 3-5%, using dextrose, starch, sucrose. (Oturkar et al., 2010) 
showed the carbon source may increases the decolorisation and Bacillus lantus BI377 showed maximum 
decolorisation in fructose and starch but isolate CMGS-3 not shown any effective decolorisation in different carbon 
sources. Moonsvi et al., (2007) stated carbon and nitrogen sources are the essential in the decolorisation of reactive 
violet -5.  Jain et al., (2012) showed yeast extract helps in the maximum decolorisation. Dawkar et al., (2009) reported 
degradation of the bacillus sp.vus Yeast extract was the best medium for faster decolorization. 
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Table1: Morphological and biochemical characteristics of isolate CMGS-3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 2- Effect of Corbon and Nitrogen Sorces 
 

Tests Observation 
A.  Colony character on MacConkey 

agar 
Size 

Shape 
Color 

 
Medium 

entire 
pink 

B.  Morphological Characteristics of 
CMGS-3 

Grams staining 
Motility 

Cell shape and arrangement of spore 

 
Gram negative bacilli 

Non motile 
No spore former 

C.  Carbohydrate utilization 
Glucose 
Sucrose 
Lactose 

Mannitol fermentation 

 
Acid production 
Acid production 
Acid production 
Non fermenter 

 D.  IMViC tests 
Indole 

Methyl Red 
Voges Proskaur 

Citrate 

 
- ve 
+ ve 
+ ve 
+ ve 

E.  Urease production 
F.catalase  test 

-ve 
-ve 

G.  Gelatin hydrolysis test 
H.Nitrate reduction test 
I.  Starch hydrolysis test 

- ve 
+ve 
+ve 

Carbon and Nitrogen sources % of degradation Duration 

Mineral salt medium with dyes 82.33 72hours 

Glucose+MSM 84.5 16hours 

Sucrose +MSM 85.6 16hours 

Lactose+MSM 

Starch+MSM 

78.4 

65.3 

16hours 

16hours 

Yeast extract+MSM 94.8 16hours 

Beef extract+MSM 81.5 16hours 
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                                Fig-1 Structure of reactive red-11 

 

 
 
Fig- 2 –Decolorisation of RR-11 without yeast             Fig -3 Decolorisation of RR-11 with 0.1% of yeast  
extract by isolate Klebsiella CMGS-3                            extract by isolate Klebsiella CMGS-3 
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Fig 4: optimization pH on decolorization of                   Fig 5: Optimization of temperatures on         
Reactive red – 11 by isolate                                                decolorization of Reactive red – 11 by    
Klebsiella -CMGS-3                                                             Klebsiella CMGS-3 
 
 

 
Fig 6: Effect of salt concentration on                                Fig 7: Effect of inoculum size on decolorization 
decolorization of Reactive red – 11 by isolate                of Reactive red – 11 by   Klebsiella CMGS-3 
CMGS-3 
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Fig 8: Effect of dye concentration on decolorization       Fig 9: Decolorization in different dye  
of Reactive red – 11 by isolate CMGS-3                              by isolate CMGS-3 
 
 
  
 

 

 
 
Fig 10: Effect of yeast extract on decolorization of Reactive red – 11 by Klebsiella  CMGS-3 

 

0

20

40

60

80

100

56.3
67.4

93.5 94.1 94.5

%
D

ec
ol

or
is

at
io

n
Decolorisation in different Reative dyes 

(mg/l)

0

10

20

30

40

50

60

70

80

90

100
95.3 94.23

85.9 86.6

70.3

%
D

ec
ol

or
is

at
io

n

200         400           600          800      1000
concentration of RR-11(mg/L) 

84

86

88

90

92

94

96

87.6

94.8
94.4 94.2

%
D

ec
ol

or
is

at
io

n

0.5%              1.0%                 1.5%                  2.0%
concentration of yeast extract in (mg/l)

Channappa T.Shivannavar et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.7 / Issue 38 / October 2016                       International Bimonthly                                            ISSN: 0976 – 0997        
 
 
 

11555 
 

   

 

Ultrasound Waves Employment in the Medical Diagnostic for Kidneys 
 
Faik H. Anter and Roaa M. Hussian* 

 
Department of Physics, College of Science, AL- Anbar University,Iraq. 

 
Received: 18 June 2016              Revised: 10 July 2016                                Accepted: 25 Aug 2016 
 
Address for correspondence 
Roaa M. Hussian 
Department of Physics, College of Science,  
AL- Anbar University,Iraq. 
Email: roaa.physicist@gmail.com 

 
 

This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License (CC BY-NC-ND 
3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. All 
rights reserved. 
 
 
Ultrasound imaging is nowadays a well established imaging technique for medical diagnostics. In fact, 
ultrasound is the fastest, least invasive and least expensive, screening modality for imaging kidneys and 
other organs, therefore it is commonly used in clinical practice for assessing possible abnormalities is 
several parts of the human body. Through the relation between physics and medicine by employing the 
ultrasound waves to in medical diagnostics for kidneys appear the normal cortico kidneys with gray color 
while kidneys stones appear with (hyperechoic) white color because attenuation artifact where this artifact 
is caused by partial or total reflection or absorption of the sound energy. 
 
Keywords : ultrasonic, transducer of ultrasound, kidneys stone 
 
 
INTRODUCTION 

Sound is a mechanical wave that travels through an elastic medium. Ultrasound (US) is sound at a frequency beyond 
20000Hz, the limit of human hearing. The frequency range of diagnostic (US) is between (1-20MHz) [1,2 ].Ultrasound 
waves are longitudinal, compressional waves, that can be periodic or pulsed, propagate at roughly 1500 m/s in water 
or biological tissue, can leave the medium unchanged (diagnostic ultrasound), but at higher intensities can also 
change it (therapeutic ultrasound) [3].Diagnostic ultrasound is based on the pulse- echo principle and widely used in 
medicine[1,2]. The smallest functional units of the transducer are the piezoelectric crystals. The crystals are 
embedded in the probe, and each crystal has a specific frequency. Some of the energy is absorbed in the tissue and 
some is reflected. The reflected energy is received by the probe, which calculates the depth of the interface by 
measuring the time taken to return [2]. Present medical ultrasound transducers are constructed of arrays with several 
piezoelectric crystals. During the transmission phase, the crystals can be activated either in groups (linear transducer) 
or all at the same time (phased array transducer). The linear transducer normally operates at a high frequency range 
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(4-15 MHz), and the phased array transducer at a low frequency range (1-3 MHz). An ultrasound system can operate 
in several different imaging modes, providing both two- dimensional (2D) and three-dimensional (3D) images [4]. 
 
The human body is composed of three basic materials differing in acoustic impedance: gas with a very low 
impedance, bone with a very high impedance and soft tissue with an impedance somewhere in between. The large 
mismatch between air, bone and tissue causes 100%, of the sound to be reflected at air/ tissue interfaces and almost 
all the sound at bone/ tissue interfaces, there is a small mismatch between different soft tissue in impedances a fact 
that is the basis for diagnostic ultrasound [2].The sound is generated by a transducer that first acts as a loudspeaker 
sending out an acoustic pulse along a narrow beam in a given direction. The transducer subsequently acts as 
microphone in order to record the acoustic echoes generated by the tissue along the path of the emitted pulse. These 
echoes thus carry information about the acoustic properties of the tissue along the path. The emission of acoustic 
energy and the recording of the echoes normally take place at the same transducer, in contrast to CT imaging, where 
the emitter ( the X-ray tube ) and recorder (the detectors ) are located on the opposite side of the patient [5]. 
 

MATERIALS AND METHODS 
 
Ultrasound imaging produces gray-scale images that consist of bright points of different intensities on a dark 
background. Darkness in the image means absence of echoes from that area, or that the emitted ultrasound has failed 
to reach that specific area. Consequently, brightness in the image means that a part of the emitted ultrasound wave 
has echoed back.The reasons for the generation of echoes /bright areas in the image are mainly two folds. Firstly, 
when a sound wave is propagating through a homogenous medium no energy of the sound wave is reflected back 
and consequently the resulting image is dark. However, if the examined volume constitutes of several media with 
different acoustic impedance, some of the energy is reflected back in the transition from one medium to 
medium.Acoustic impedance is an important media characteristic in ultrasound imaging; it is the product of the 
density and the speed of sound of the media. The border between two different medium with the same acoustic 
impedance cannot generate a returning echo; the ultrasound wave passes through the interface without loss of 
energy in the form of a returning echo. It is the returning echoes from the interface between different medium that 
constitute the information about the examined structure in the ultrasound image. The proportion of the energy that is 
reflected back depends mainly on the difference in acoustic impedance and to a lesser extent by the angle of 
incidence.   
 
Secondly, echoes can arise within inhomogeneous medium because of the scattering effect by very small objects in 
the size of the wavelength or smaller. These small objects are too small to be individually resolved in the ultrasound 
image. The echoes generated in this way are very weak compared to echoes from interface transitions and are 
undetectable. A very large  number of echoes from many scatters can however be added together by constructive 
interference and become detectable.This phenomenon is seen in almost every tissue in the body except blood and 
gives rise to so- called speckles in the ultrasound image.The ultrasound image is built up from scan lines. Sound 
waves propagate in straight lines. If the sound waves interact with the tissue media during the propagation along the 
scan lines and are reflected back, an echo can be registered by the ultrasound scanner. The placement of the echo 
signal along a scan line depends on two factors; the time for the ultrasound to return back to the transducer and the 
propagation speed of the sound in the material.  
 
The travel time can always be measured accurately by the ultrasound scanner. It is however more problematic to 
know the propagation speed of the sound since the human body consists of many tissue types with different 
properties. The speed of sound in soft tissue of the human body is ranging from about 1440 m/s in adipose tissue to 
1580 m/s in muscle tissue. Therefore the manufacturers of ultrasound scanners use a fixed mean value regardless of 
tissue type. The mean value differs between the manufacturers, but is in the range of 1540 – 1560 m/s[6]. And the 
impact of structural noise on medical ultrasound images is much stronger than the influence of speckle noise, since it 
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not only effects single pixel but whole image regions. In general, structural noise occurs in the presence of strong 
reflectors in the image, e.g., bone structures or air. One canonical example of structural noise is induced by insuffient 
covering of the US transducer with acoustic coupling gel.This causes strong reflection right at the transducer due to 
the presence of air bubbles, which have significantly lower acoustic impedance. The immediate reflection of 
ultrasound waves leads to dropout of signal in the image regions beneath the air bubbles.  
 
The most important from of structural noise within this work are so called acoustic shadowing effects. Acoustic 
shadowing occurs when a strong reflector (having significantly different acoustic impedance as the surrounding 
tissue) blocks the transmission of ultrasound waves beyond that point [7], e.g., bones or the lungs. Similar to the 
shape of a shadow caused by in transparent objects in a light beam, the acoustic shadow follows the transmission 
path of the ultrasound waves. This leads to the fact that a small reflector near the transducer can cause large 
shadowing effects to the image regions beyond. Typically, these regions appear dark with only little signal 
intensities, since almost no ultrasound echo is received from these regions. Figure(1) shows typical structural artifacts 
caused by shadowing effects in two situations with different extend. Due to the presence of a strong reflector in the 
upper part of the US B-mode images, one obtains images perturbed by acoustic shadowing (delineated by the red 
dashed lines). As can be seen, almost no information can be received from the shadowed regions. Furthermore, the 
closed contour of the connected anatomical structure in shows gaps. Another class of structural noise artifacts is 
caused by reverberation. Reverberation is caused by two or more highly- reflective interfaces and leads to multiple 
linear high- amplitude ultrasound signals projecting the structure of the reflectors repeatedly beneath the correct 
image position [8]. The reason for this effect is that ultrasound waves are reflected several times between the 
reflectors. At each reflection a part of the ultrasound waves is transmitted back to the transducer, leading to a 
periodic received signal [9]. 
 

RESULTS AND DISCUSSION    
To prepare the patient for kidneys examination, the patients should be lying in the supine position.  Each kidney may 
also need to be examined in the decubitus position and Raise the ipsilateral arm above the patient's head. For adults, 
use a 3.5 MHz (normal or obese patients) or 5 MHz (slim patients or children) transducer. If the transducer has 
variable frequency, deep structures can be adequately seen by lowering the frequency. A curvilinear transducer will 
usually be adequate, but a sector transducer may given better intercostal views.For scanning technique Place the 
transducer over the right upper abdomen. Set the focal depth for about the centre of the kidney, and adjust the gain 
to obtain the best image of the renal parenchyma. The focal depth that produces the best image varies somewhat 
among machines. Like other organ, the kidneys should be scanned in longitudinal and transverse planes that include 
the whole organ as in figures (2,3). Care should be taken to ensure that the whole of the upper and the lower poles 
are seen, to prevent missing an exophytic mass or horseshoe kidney (lower pole united). 
 
The cortical echogenicity should be compared with that of the liver, spleen and renal pyramids. The right kidney can be 
seen best when the patient is supine, with the liver as an acoustic window ( anterolateral  approach ). Deep inspiration 
can help to visualize the upper pole, put remember to let the patient breath! A left lateral decubitus position may help 
show the lower pole.The upper pole of the left kidney   can usually be seen by using the spleen as an acoustic 
window, but in this position, the lower pole is often obscured by bowel gas.The whole of the left kidney is often seen 
more easily when the patient’s left side is raised, allowing a more posterior approach. Ultrasound artifacts are useful 
for characterizing any pathological condition; for example, simple renal cyst contains fluid and have posterior 
acoustic enhancement. Calcification is echogenic or bright and causes ״clean ״ posterior acoustic shadowing, as in renal 
calculi. Gas or air will be echogenic but will cast a ״dirty״ shadow.The machine used in figure (4) from type “sonoscape 
ultrasound” consist of following parts: Transducer (probe), Central Processing Unit (CPU), Display, Transducer pulse 
controls, Disk storage, Printers, and Keyboard (cursor). 
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Images in figure (5) refer to the medical diagnostics for kidneys. From figure (5a), the gray  colors denote to liver , 
spleen and cortico of both kidneys where the right kidney beside the liver, and left kidney beside the spleen , the 
white (hyperechoics) colors in middle of kidneys refer to pelvises of kidneys, sagittal scan through both kidneys,  both 
kidneys have normal size & texture, no dilation of PCS, no stone, no SOL and  smooth out line.Figure (5b) illustrated 
that the gray color on the right side of this figure refers to  left kidneys, also it is normal in size & position, normal 
parenchymal thickness & echogenicity, no stone, normal PCS, with small simple cystic lesion about (3.7cm x 3.9cm) 
appears in black color in middle of left kidney and the scan is sagittal through left kidney, while the figure (5c), shows 
that the gray color on left side of this figure denotes to right kidney where it is bedside Right liver (RL), RT kidney 
normal in size & texture, no dilatation of PCS, no SOL, smooth out line, but left kidney  appears in gray color on the 
right side of this figure , it located in right hypoconderuim and epigastric area , ectopic- kidney, also the scan is sagital 
through them. Also figure (5d) shows that the gray color denotes to Left Kidney and the scan is sagittal through it , 
Left kidney  has double collecting system these works comparable to Narrotams᾿ and Pokhrajs᾿ works where noticed 
the ectopic kidney and double collecting system of kidney [10], increase in size 120mmx 40mm & normal texture, 
mild dilatation in PCS, no SOL, smooth out line, there is stone 3mm appears in white (hyperechoic) color, also Barbrina 
Dunmire and others  determined kidney stone size[11]. 
 

CONCLUSION 

1. Kidneys better evaluated during stop breathing (in full inspiration) to avoid motion artifact. 
2. Different position better than one position to achieve good image for each kidney. 

Linear probe with frequency 7.5MHz can use in examination of kidneys in thin adult patients and in pediatric for 
more resolution to curvilinear probe with frequency 3MHz. 
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Figure(1) : Illustration of shadowing effects of different extend due to strong reflectors in two  
US B- mode images[7]. 
  
 

 
 
Figure (2): a) coronal scan plane for the Right          b) longitudinal: normal right kidney 
Kidney      
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Figure (3): a) shows scan plane transverse                 b) Transverse normal image of Right kidney. 
kidney    
 
 

 
 
               Figure (4): Machine used “Type Sonoscape Ultrasound”. 
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(a)                                                                                       (b) 

 
(C)                                                                                    (d)    

Figure (5): Images of medical diagnostics for kidneys. 

a) Liver, spleen and cortico of both kidneys. 
b) Left kidney with normal size. 
c) Right kidney on the left side of image in normal position. 
d) Left kidney is double collecting system. 
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Vaccines administered to poultry have become a topic of debate. An attempt to test the efficacy of 5% 
earthworm supplemented feed as an alternate to vaccines, in increasing the life of poultry was assessed. 
Native earthworms were collected from Thachankurichi village in Tiruchirappalli District were mixed 
with poultry feed and their effect on weight gain as well as on mortality was assessed in a group of 24 
chicken. These native earthworms were identified to enhance the life span of unvaccinated broiler 
chickens. Statistical analysis of the results of life span using chi square analysis revealed significant effect 
of 5% earthworm supplemented poultry feed. Thus it could be recommended to supplement broiler 
chicken with 5% earthworm feed as an alternate to vaccination. No profound changes were observed on 
the weight gain in broiler chicken fed on normal poultry feeds as well as those fed on 5% earthworm 
supplemented food. 
 
Keywords : Earthworms, Poultry feed, Mortality 
 
 
INTRODUCTION 
 
Earthworms have been long recognized by farmers as beneficial to the soil (Edwards and Lofty, 1972) and therefore, 
rightly described to as soil engineers (Jones et al., 1994; Lavelle et al., 1997). Approximately 8,300 species of 
Oligochaetes have been described in 38 families and 811 genera (Reynolds, 2009). Vaccines are administered to 
poultry in order to protect them against infectious diseases and disease causing organisms like that of E. coli on day 1 
of hatching, Marek’s disease on 3 day old chick and infectious Bursal disease on 10-28 day old chicks, Coccidiosis on 
9 day old chick.  These vaccines help to decrease the mortality but adverse effects of vaccines on end users could not 
be over ruled.  Vaccination in poultry is giving rise to a number of problems on its consumers. Many authors has 
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reported that man has begun to consume hormones that are administered to conventional turkeys, chicken and cattle 
etc., The vaccines administered to these animals are reported to exert an adverse effect like infertility, coronary heart 
diseases, ovarian cancer, thyroid tumors, breast cancer,etc. (S.D.Wells march 12,2014). 
 
Devon (2016) has suggested the raising of organic livestock to overcome the threats of antibiotic resistance. Numbers 
of attempts to identify an alternate to vaccines are made. Earthworm can be used as protein source in poultry. 
According to Partricia (1988), vermimeal contained 54% of protein when compared to imported fish meal and has 
reported a preference to vermimeal in birds. The Earthworm body fluid contain 9.4% of protein and 78.79 free amino 
acids and rich in vitamins , minerals and iron. Hence earthworm can be an excellent source of protein to supplement 
animal feed (Sun Zhenjun et al.,2010). Set of broiler chickens feed with 10% earthworm meal showed an increase in 
the weight of breast muscle and as well as in the protein content and recommend vermimeal based on these 
antimicrobial and antioxidant properties as an ideal feed supplement in broiler diets (VahidRezaeipour et al., July 
2014).  Meal of local earthworm are taken for research and found that cumulative weight gain in groups of broiler 
feed with 10% to 15% worm meal. The broiler well adapted to worm meal feeding (T.C. Loh et al ., May 2009). 
 
Son and Jo (2013) supplemented earthworm meal to seven day old broiler chicks. Chicks were fed diets containing 
0%, 0.2%,0.4%, for six weeks. High feed intake, weight gain, and nutrient digestibility was observed in the chicks fed 
with 0.4% earthworm meal. According  to ZivariBahadori et.al.,(2015) the intake of 2% and 3% earthworm meal 
improved the feed conversion ratio of broiler chickens and the effect of experimental treatment was not significant on 
weight gain of broiler chickens. Therefore an attempt has been made in this work to test the efficacy of vermimeal on 
weight gain and decrease in the mortality rate in chickens. 
 

MATERIALS AND METHODS 

Native earthworms were collected from Thachankurichi village in Tiruchirappalli District. 24 broiler chicks were 
collected from poultry farms in Namakkal district on Day 1 of hatching. The chicks were divided into two groups. 
The two groups were fed with homemade feed (group 1) and 5%earthworm +homemade feed combination (group 2) 
. the home made feed formulation comprised of Rice - 20 gm, Corn - 20 gm,  Raggi - 20 gm,  Sesame cake - 20 gm,  
Chollam - 15 gm, Onion - 5 gm: whereas that of  5% earthworm +homemade feed combination contained  Rice - 
15gm,  Corn - 20 gm,  Raggi - 20 gm,  Sesame cake - 20 gm,  Chollam - 15 gm,  Onion - 5 g and  earthworm- 5gm. All 
the above ingredients were finely ground into a paste with water and then pelleted into varying sizes so as to suit the 
age of feed for chick and dried in a shady and well aerated area. 
 
Two groups of chicks that were not vaccinated were fed with homemade feed (C2) and homemade feed 
supplemented with 5% earthworm (E2) the other two groups were vaccinated and fed like the above and labeled as 
C1 and E1 respectively. Each group of chicks were fed with approximately 50 grams of feed and water ad libitum, 
three times a day at first week and then increasing the amount of feed gradually on second week 
onwards.Vaccination program was applied as recommended by District veterinary office to prevent Bronchitis and 
Ranikhet disease. Live Lentogenic lasota strain, i.p.(vet.) vaccine was used to serve the purpose. On tha 21st day, the 
vaccine was administered as oral drops in the morning hours on the same day to the 2 sets of chicks (C1 & 
E1).Multivitamin tablets soluble in water were administered to the chicken in order to avoid the stress caused by 
vaccination within 24hours before and after vaccination. Chickens were not allowed to drink water 2 hours before 
vaccination.The weight gain and rate of mortality among the four groups was assessed and the significance of the 
feed and vaccination was calculated using Chi square analysis. 
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RESULTS AND DISCUSSION 

The amendment of these worms in poultry feed formulations was further gauged in order to assess the efficacy of 
these worms as an alternative for vaccines, thus as essential immunogenic agents enhancing the life span so as to 
decrease the mortality rate in broiler chick and as important constituents in broiler feed formulations to improve 
weight gain in broiler chicks. The table depicting the outcomes of feed formulations on the mortality rate and weight 
gain in the tested populations was subjected to Chi square analysis and the significance of the feed was evaluated.  
 
The net weight gain in poultry on consumption of the formulated diet is represented in Table 1. The table clearly 
shows that the two feed possessed similar effect on growth, that is weight gain in poultry remained the same with the 
two feed combinations. Chi-square analysis to reveal significance of feed on weight gain also depicted that feed had 
no significant difference on the weight gain in poultry. The above analysis clearly indicates similar effect of the two 
feed on the weight gain.It was interesting to note that 5% earthworm feed decreased the rate of mortality that is 
increased the life span in the tested populations. Its efficacy as a substitute for vaccination cannot be ruled out.Table 2 
on rate of mortality in chick shows that the rate of mortality in the non-vaccinated group receiving 5% earthworm 
feed as diet to be reduced considerably. Further subjecting these results to Chi square analysis clearly illustrates the 
significant effect of 5% earthworm feed on broiler chickens. 

 
Many authors have reported earthworm meal as best protein supplement to poultry. This work as thrown light on 
the decrease in the mortality of poultry fed with 5% earthworm.  According to Sunzhenjun et al.(2010) reduction in 
the rate of mortality could be attributed to the presence of essential immunogenic agents in the body of earthworms 
thus enhancing the life span of the tested animal population.  Works of Vahidrezaeipour et al. (2014) further support 
our findings, suggesting that 10% vermimeal formulations possess antimicrobial and antioxidant properties thus they 
established the use of the vermimeal feed as a supplement in broiler diet. T.C. Loh et al . (2009) depicted that worm 
meal could be replaced by soyabean and fish meal upto 10 – 15%. The broilers were well adapted to worm meal 
feeding thus in evidence to our findings.Many authors have experimented the performance of earthworm meal on 
broiler chicks and have documented weight gain with earthworm meal. These findings are in par with the present 
research suggesting the potentials of earthworm as supplementary feed for poultry against vaccines also. 
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Table 1 : Table of Chi-Square analysis to depict the significance of feed and vaccination on the weight 
gain in poultry 
 

Experimental Setup Treatment Statistical inference 

With 
vaccine 

Without 
vaccine 

Control 
(Homemade feed only) 

19.83 19.46 Chi –Square value = 
0.153, 
Df=1, 

P value= 0.695, 
P>0.05, Insignificant Experimental 

(Homemade feed supplemented with 5% 
earthworm) 

25.18 19.78 

 
 
Table 2 : Table of Chi-Square analysis to depict the significance of feed and vaccination on the 
percentage mortality in poultry 
 

Experimental set 
up 

Groups of Chicks Rate of 
Mortality 

Statistical inference 

Control Homemade feed with vaccine 16.67 Chi –Square value =51.000, 
Df=3, P value= 0.00, 
P<0.05, Significant 

Homemade feed without 
vaccine 

16.67 

Experimental Earthworm feed with vaccine 5.56 

Earthworm feed without 
vaccine 

11.11 
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Porous silicon (PS) was fabricated using p-type Si with <111> orientation by electrochemical etching 
process (ECE) at a constant etching time of 20min and different current density of 10-40mA/cm2.The 
surface morphology of PS studied by atomic force microscope (AFM) verifies that average diameter and 
nanostructure are dependent on the etching current density, when the current density increased from 10 
to 40mA/cm2 theaverage diameter also increasedfrom29.96 to 45.59nm. The FE-SEM image of the sample 
prepared at 20min and 10mA/cm2shows a homogeneous pattern and confirms the formation of uniform 
porous structures on the silicon wafer. From XRD pattern, the peak intensity decreased and full-width 
half maximum (FWHM) increased with increasing current density from 10 to 40 mA/cm2 and the 
crystalline size also decreased from 10.8 to 2.5nm.From FTIR spectra of PS at different etching current 
range from 10 to 40 mA/cm2, it was found thatthe transmittance peaks around 997.13 cm-1 and 1097.42 cm-

1 are from Si–O–Si asymmetric stretching modes, which are dependent on the oxidation degree of PS. The 
transmittance peaks at 624.94-630.68 cm-1 Si-H wagging mode bending in (Si3-SiH), and 810.05-813.90 cm-1 
from Si-F stretching mode.Photoluminescence spectra (PL) showed that the band gap energy increased 
from 1.610 to 1.638eV when the current density increased from 10 to 40mA/cm2. 
 
Keywords: Porous silicon, Atomic Force Microscope, Photoluminescence spectra. 
 
INTRODUCTION 

Porous silicon (PS) is a material formed by anodic dissolution of single crystalline silicon in HF containing solutions 
[1]. Through anodization in HF solution, Silicon surface will be covered with a brown film.New physical properties 
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appear, when a structure becomes smaller than a characteristic length scale which is of great interest in basic research 
but also for applications. Nanoscale silicon reducing dimensionality of bulk silicon to nano-scale silicon (PS) leads to 
appreciable changes in optical, electrical and electronic properties.As a result of these advantages, PS has been widely 
used in technological applications such as in light-emitting diodes, light testing equipment, photoelectric solar 
batteries, gas testing devices, microdevices, and biological testing equipment [2].Several methods are used and 
developed to fabricate the porous layer such as Photochemical, Electrochemical, Photo-electrochemical, Stain etching 
processes, and Laser Induced Etching Process[3]. One of the most important methods is electrochemical etching 
process (ECE). Many parameters that influence on the PS formation process with electrochemical anodization such as 
substrate doping, current density, HF concentration, and time etching[4,5].This paper discusses the effect of current 
density on the morphological, structural, and optical properties of (111) p-type PS fabricated by electrochemical 
etching process. 
 

MATERIALS AND METHODS 

PS layers formed by the electrochemical etching process (ECE) of p-type <111> oriented silicon substrate. The ECE 
cell was made of Teflon (or any highly acid-resistant polymer) base plate was made of aluminum. A Si wafer cut into 
a pieces with a square shape at area 1cm2 and put on the bottom of the cell by using O-ring that allowed the Si surface 
to be exposed to the homogeneouslymixed of HF: ethanol at 1:1 concentration.Si wafers were ultrasonically cleaned 
in distilled water and acetone, connected to the anode electrode and the Platinum connected to cathode electrode of 
the power supply as shown in Figure 1.PS samples were fabricated by changing the etching current density with a 
constant etching time. The prepared samples were characterized by Photoluminescence (PL), Fourier transform 
infrared transform spectroscopy (FTIR), X-ray diffraction (XRD) and atomic force microscopy (AFM). 

  
RESULTS AND DISCUSSION 
 
Figure 2 shows the XRD spectra of the PS surfaces formed at different etching current densities. A strong peak of PS 
in 10mA/cm2 current density shows a very sharp peak at2θ =27.6o and another one, weaker than the former, at 2 θ 
=93.9˚. The founded values correspond to (111) and (151) c-Si orientations, respectively.Figure2billustrates a shift and 
a broadened peak for the sample of20 mA/cm2. When the current density increased to 30 and 40 mA/cm2 the intensity 
of peaks becomes very low and broadened peak increased tightly then, a new peaks appears located at 2θ = 16.2˚, 
21.6˚, 34.0˚ which corresponds to 001, 101, 002 orientations respectively represented SiO2as shown in Figure2c and 2d. 
FWHM was increased from 0.8951 to 3.6250 when the current density increased from 10mA/cm2 to 40mA/cm2,these 
computed results have been compared with the FWHM values of Cu-Kα which have been published by Joint 
Committee on Power Diffraction Standards (JCPDS) the FWHM of bulk silicon about 0.295. 
Crystalline size was calculated by using scherrer equation : 

 

퐷 =
퐾휆

훽푐표푠휃
 

Where K is the Scherrer constant (1 >K > 0.89), λ is the wavelength in nanometers, β is FWHM in radians, and θ is the 
diffraction angle in radians.The result shows that the crystalline size decreased from 10.8nm to 2.5nm when the 
current density increased from 10mA/cm2 to 40mA/cm2, respectively. In general, when the current density increase 
the peaks intensity of the PS decreases and crystal size is reduced toward nanometric scale, then a broadening of 
diffraction peaks is observed and the width of the peak is directly correlated to the size of the 
nanocrystallinedomains [7].Figure 3 illustrates 3-D images of prepared PS samples showed a sponge-like structure is 
produced.The change in anodization parameters such as current density cause a big difference in fabricated PS in 
terms of roughness, thickness, pore's diameter and other properties.Figure 4 shows the diameter values distribution 
chart of PS samples in which the irregular and randomly distributed nanocrystalline silicon pillars and voids over the 
entire surface. Pore diameter generally increases with increasing potential and current density [1].At low current 
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density, a highly branched, randomly directed and highly interconnected meshwork of pores was obtained. 
However, increasing in current density orders the small pores to exhibit cylindrical shapes giving rise to larger pore 
diameter [8].Table 1 shows the average diameter, average roughness, peak-peak and RMS parameters of the 
prepared PS samples. It was observed that the higher values of roughness, peak-peak and RMS belong to the sample 
prepared at current density 30mA/cm2.Figure 5 shows the FTIR spectra of the PS as a function of the transmission. It 
is clear that there are many distinct peaks with different intensities. The peaks around 997.13 cm-1 and 1097.42 cm-1 
are from Si–O–Si asymmetric stretching modes, which are dependent on the oxidation degree of porous silicon. The 
transmittance peaks at 624.94-630.68 cm-1 Si-H wagging mode bending in (Si3-SiH), and 810.05-813.90 cm-1 from Si-F 
stretching mode.Among the three major surface contaminants, hydrogen is found to exist expectedly and 
hydrogenrelated surface states lead to strong PL.The pore surface includes a high density of dangling bonds of Si for 
original impurities such as hydrogen and fluorine, which are residuals from the electrolyte. Additionally, if the 
manufactured PS layer is stored in ambient air for a few hours, the surface oxidizes spontaneously [9]. 
 
Figure 6 shows the PL spectra for PS samples. The PL peak position of PS is blue-shifted as a function of the current 
density as shown in Figure 4.8. According to the quantum confinement model, the peak shift is due to an increase in 
the energy band gap (Eg) within the porous structure [10]. The result also suggests that the band gap energy 
increased from 1.610 to 1.638 eVwhen the current density increased from 10 to 40 mA/cm². Figure 7 illustrate the Eg 
as a function of variation of current density. Increasing in the current density is attributed to the reduction of the Si to 
nanosize, which favors charge carrier quantum confinement.The probability of recombination of e and h is higher in 
very small structures (quantum confinement effects), leading to higher emissions. High PL intensity is the result of 
the conversion of the material band gap conduction from indirect to quasidirect [11]. The quantum dimension of the 
structure in the sample favors PL shifting toward shorter wavelengths. Other researchers [12] have also found a blue 
shift of PL peak with increase in the etching current density.Figure 8 shows the FESEM image of sample prepared at 
current density 10mA/cm2 with time about 20min, it is showed a homogeneous pattern and confirms the formation of 
uniform porous structureswithout any cracks on the silicon wafer. 
 

CONCLUSION 

ECEmechanism of the PS synthesis, the results ofmorphological, structural, and optical properties have been 
investigated.AFM images of PS shows an increment in average diameter with increasing of etching current 
density.FE-SEM image shows a homogeneous pattern uniform porous structures. XRD pattern of PS shows that 
increasing of etching current density leads to broadening in diffraction peaks which indicate forming of 
nanostructure shapes.From FTIR spectra of PS at different etching current density, the peaks appeared from bonding 
the hydrogen and fluorine from HF solution with the surface of Si.PL measurement indicated the shorter peak 
wavelength of luminescence has caused the increase in the energy band gap (Eg) of the porous structure. 
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Table 1: AFM parameters of the prepared PS samples. 
 

 
 
 
 
 
 
 
 
 

 
 

 
                      Figure 1: Setup for the fabrication of porous silicon. 
 

Etching current 
density 

(mA/cm2) 

Averagedia
meter 

(nm) 

Average 
roughness 

(nm) 

Peak-peak 

(nm) 

RMS 

(nm) 

10 29.96 0.747 2.99 0.863 

20 40.81 0.712 3.07 0.836 

30 43.08 1.16 4.75 1.35 

40 45.59 0.883 3.77 1.03 
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Figure 2: XRD spectra of PS samples a) at 10mA/cm2 b) 20mA/cm2 c) 30mA/cm2 and d) 40mA/cm2. 
 
 

 

Figure 3: 3-D AFM images of PS a) at 10mA/cm2 b) 20mA/cm2 c) 30mA/cm2 and d) 40mA/cm2. 
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Figure 4  The diameter values distribution chart of PS samples a) at 10mA/cm2 b) 20mA/cm2 c) 

30mA/cm2 and d) 40mA/cm2 

 

 
Figure 5: FTIR spectra of the samples p-type etched at a constant time 20 min and different  
               current density. 
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           Figure 6: PL spectra of PS etched for 20 min at different current densities. 
 
 

 
 

Figure 7:Energy band gap as a function of                                       Figure 8: FESEM image of PS sample          
               current densities.                                                         prepared at 10mA/cm2 and 20min. 
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In this research, composites materials samples were prepared by using Epoxy Resin (EP-Polyprime) as 
matrix, reinforced with (Fe) particles with weight fractions (2%), (4%) and (6%). And for irradiation 
periods {[4] days (174.72Gy)}, {(8) days (349.44Gy)} and {(12)days (524.16Gy)}.Composite materials 
samples which prepared by hand-layup method. This research studied the physical properties as 
Hardness, Thermal Conductivity and Dielectric strength before and after irradiation of samples by Beta 
particles (β-) by using the Strontium source (Sr90) with energy decay of beta particles (0.546Mev) at dose 
rate (1.82Gy/hr). Results showed that the reinforced blends with (Fe) betterPhysical properties Hardness, 
Thermal Conductivity and decrease of the Dielectric Strength. 
 
Keywords: (Fe) particles, β particles, Epoxy resin. 
 
 
INTRODUCTION 
 
The use of composite materials have overlapped a turning point in our time a major transformation due to its 
material from these several characteristics that led to the approach to be used widely in various fields.It is these 
qualities costly manufactured low-lying as well as its strength , durability and low density , high thermal and 
electrical isolation and resistance to chemicals , moisture and corrosion resistant and posed different shapes and sizes 
and high its Hardness[1].Paying attention to the production of composite materials overlapped and development 
have increased access to the results and get a high material specifications for physical and mechanical properties , 
and low cost.This prompted many scientists and researchers to carry out studies and research focused much 
experience included many types of composite materials and testing physical , mechanical and chemical properties 
.The newly intrigued scientists irradiating composite materials with many types of radiation rays gamma , beta and 
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X-rays and ultraviolet rays and neutrons.In (2011) prepared a researcher HiderSalem study dealt with the effect of 
beta rays and gamma on the particle distribution of composites  materials, lead and conclude that the polymers have 
the best protective barrier from gamma rays and show him as well as the mixture of( PU / EP) best stabilizing rays 
gamma him to beta rays[2]. 
 
In the same year conducted a researcher ( Kunal ) discussed included the study of the influence of the thermal 
conductivity of the composite  material subsidized (Fe) particle where he noted that the thermal conductivity has 
been improved by( 18.5 % ) , and Article resultant can be used in various applications such as thermal paint and 
insulate electrical cables[3].In the year (2013), a promising researcher ( Turgay ) and his search ate the effect of x-ray 
and gamma tests and neutrons on the imbricated epoxy and remnants of iron (Epoxy-Ferrochromium Slag) turned 
out for them increased susceptibility article overlapped on the prevention of radiation energy when increasing the 
remnants (Fe) particles on epoxy[4].In ( 2015) conducted a researcher Abdul Hade study the mechanical properties of 
the epoxy resin (Fe) particles and the results showed that the hardness increased to increase the concentration of (Fe) 
particles after immersion in water samples , the results showed a decrease in hardness values[5].This research aims to 
use beta emitted particles from the source of Strontium (Sr90) and the study of their effective on the composite 
materials that has been manufactured by the researcher and composed of epoxy resin reinforced by( Fe ) particles  
and the different effective on conductivitythermal and hardness and dielectric constant of the samples before and 
after irradiated and different periods of time. 

 
MATERIALS AND METHODS 

The Theoretical Side 
Epoxy Resin 
Epoxy is a Greek term consists of two syllables are (EP) and the mean and the (oxy) and mean oxygen and containing 
epoxy resin on one or more of the groups (Epoxide group) , which represents the basic unit of epoxy resin ,the 
simplest his formula is (Oxirane) as it represents a compound in the form of a loop consisting of an oxygen atom 
linked with two of carbon atoms with each other,The epoxy resin solidifieswithin temperatures ranging between (5-
180 C0) and can be thermally stabilized to a temperature of up to (250 C0),There are no volatile materials during the 
hardening process , and this trait characterized by epoxy resin on the most hardened thermoplastic resins [6].Epoxy 
resinis characterized byability to adhesion and does not need high pressure a long time and also features as small 
shrinkage and has a high mechanical specifications to withstand high stresses inflicted it,It also features a well that is 
good Electrical insulation properties of epoxy resin and is one of the most common resins used as the basis of 
(Matrix) in the composite materials since he has the physical and mechanical properties that distinguish it from the 
rest of the other hardened resins [7 ]. 
 
Hardness 
It called on the hardness property as resistant solid material to cut, scratching and penetration.It can also be defined 
as the resistance of the material bulging and itching and scratching by the number of machines more thanhardness 
ones, which enable it to retain its surface intact together under the influence of external forces so that permanent 
deformation does not occur in the latter [8].Hardness of materials depends on the type of power Association of 
molecules or atoms on the surface and the type of material you want to measure the hardness and temperature and 
other conditions affecting it [9]It is noted that the hardness of materials influenced by the type of solutions that 
exposed this material values [10],and the hardness of materials measured in the previous propensity to cut other 
materials the one who cut the other one is the most hardness . 
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Dielectric Strength 
Called on the maximum electric field is applied to the Insulating materialwithout collapse is resistance of the 
insulatorand also called(Dielectric Breakdown Voltage).On this basis, the most important qualities that must be taken 
into account when choosing the insulator is the extent of carrying insulation voltage electric without collapsing .If 
polymeric material and put it in theelectrostatic field it does not pass permanent current but stored energy in the 
form of material insulation as a result of polarization,Thus, the insulator works as a battery stored energy despite the 
presence of the leak of the current even in the best insulators [11] .The insulating materials in the property collapse in 
the strong electrostatic fields and field intensity causing the collapse called electrical insulation severity or 
intensityElectric (Ebr) which is inversely proportional to the thickness (d) of the material, has been the collapse occurs 
in the lower level of the level of electrical insulation intensity of the measured result of the accumulation of energy, 
according to the following equation:  

                                                                                      Ebr=  

Where represent (Vbr) voltage collapse, though the intensity of the electrical insulation (Ebr) be significant for several 
polymeric insulators, The upper limit depends on the severity of the dielectric material on the ionization 
energy,Electrical breakdown occurs when still electrons from the atoms belonging to her, and this causes a minor 
collapse sooner or effect [12] .There are influential external variables on unarmed force of which the shape and size of 
the electrodes used in the field of application and the temperature of the model and frequency voltages and relative 
humidity.This should reduce these factors for the purpose of obtaining the area of the collapse of the value of 
accurate [13]. 
 
Thermal Conductivity 
One of the main physical characteristics would be described composite materials are thermal conductivity property , 
which is one of the phenomena of heat transfer,And where the heat is moving from one location to another because 
of the difference in temperature(the fluctuation of molecules Article)Therefore, it can define the thermal conductivity 
of the material as the material susceptibility to heat conduction and usually expressed by a factor of thermal 
conductivity (K).The phenomenon of thermal conductivity are subject to the law of Fourier thermal connected shown 
in the following relationship: 
 

푄 = −퐾퐴
푑푇
푑푋

 

where:  
Q: amount of heat transmitted (J / Sec), K: thermal conductivity coefficient(W/m.ko)  
A: sectional area perpendicular to the direction of heat transfer (m2).(dT / dx): the thermal gradient in the conduct 
meduim(k°/ m) [14]. 
 
Irradiation effect in Polymer properties 
The high-energy nuclear radiation have a clear impact in polymeric materials due for successive operations where  
motivates particles and ionized and emits electrons speeds are relatively low-lying , which in turn leads to attack 
other molecules and generate the largest number of new ions.It gets two types of interactions , the first (Degradation) 
series , which in turn leads to a decrease in tensile strength and elongation and the second (Crosslinking) chains 
which increase the tensile strength and elongation reduce [15] . 
 
Change of Physical Properties 
To change the color of the polymer during irradiation depends on the temperature at which the irradiation and then 
being on the user's radiation and the amount of radiation and the irradiation type.As for the radiation effect on the 
thermal properties When exposing the composite materials to the effect of radiation will not affect the behavior of the 
thermal conductivity as a function of temperature as the thermal conductivity values continue to grow with high 
temperatures until the degree of access to the glass transition , which then decreases the thermal conductivity 
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values.The reason is that the impact of radiation contributes to the increase for the process of cross- correlation and 
the more compromising material polymeric radiation will increase the cross-Linking of the polymeric chains with 
each becoming more and more polymer hardness period , as the free radicals resulting from the collision of radiation 
with atoms Article overlapped will be a contributing factor in the increased values thermal conductivity [16]. 
 
Change of Mechanical Properties 
The process of irradiation of polymers lead to a change in the physical properties have this amount of change over for 
any of the processes of decomposition and tangles depends (cross-linking),When the decomposition process for 
making polymeric chains short and weakens the internal structure of the polymeric composite materials,It becomes 
fragile and less tensile strength between molecules and increases its density due to increased its crystalsThis leads to 
a decrease in Yong modules,But when you get cross-linking process of standing, branching chains and 
increasingcomposite materials hardness and less susceptibility melt and increase the tensile strength and you get an 
increase in Yong modules[17]. 
 
The Practical Side 
TheMatrix Material 
Was used in this research epoxy resin Type (EP-Polyprime) factory by a company (Henkel) UAE as a matrix in the 
preparation of composite materials, and the advantage of epoxy resin being a transparent liquid and viscous with a 
density(1300 kg /m3) turns epoxy resin to the solid state after adding Hardnerthe type Matavnlen Damon 
(MetaphenylenDiamine) (MPDA) and the factory of the same company and by ( 2: 1 ). 
 
Reinforcement Materials 
Was used in this research (Fe)particles as areinforcement Material which is made from the company ( BDH British) 
and the density of (7.8gm/cm3) ) and atomic weight (55.85gm /mol) it has been used in reinforced the epoxy resin and 
characterized these particles high mechanical characteristics but more roughness of copper particles, these particles 
have been used in this research different weight fractures. 
 
Samples Preparation 
In this research method was used (Hand lay-up molding) in the preparation of polymeric complexes , one of the 
easiest ways and common use,Where the user has been the creation of the mold cast composite materials will then be 
put on thermal paper , glass base of the mold and under the strips to prevent the adhesion of glass mold base 
model.After that a matrix was the weight of the foundation and the additive using sensitive electronic balance  type   
(Sartorius) and manufactured by the company (Sartorius German) who fumbles for four places (0.0001gm),After that 
has mixing epoxy resin genitive its hardener process and by mass equivalent (1: 2) with (Fe)particles thoroughly 
mixed using a blender,Then pour a little of this mixture is homogenized on the block (base) glass and on a regular 
basis,Where Pour the mixture into the mold homogenized center and slowly seeps into the mixture to all points of 
the mold and evenly until it is filled template size fully to get the desired thickness (4mm),And then leave for the 
model (48) hours in the atmosphere of a room in order to be solidifies,Then after the expiration of the (48) hour 
samples are placed in a convection oven and temperature (50C°) for a period of (6) hours to complete the process of 
hardening and cross-linking chains.After that samples were examined thermal conductivity in a circular cutting 
diameter (40mm). And cutting samples examined hardness and dimensions (20mm×10mm). And cutting samples 
examine the dielectric strength and the dimensions (55mm×10mm). After that, anti-aliasing samples refrigerant iron 
and silicon carbide paper to get the standard dimensions. 
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RESULTS AND DISCUSSION 

Hardness Test Results for (Fe) Sample before and after (β) Irradiation 

From table (1) , which shows the hardness values of (Fe) samples for natural state (without irradiation ) and periods 
of irradiation (4 ,8, 12) days (Figure 1).Results show that the highest value for the hardness of a sample of (Fe) No.(1) 
of the weight fraction(2% Wt) was when the irradiation (12 ) days , reaching the value of hardness to (78.83N/mm2) 
and the lowest value for hardness appeared in normal conditions (without irradiation),where the results showed that 
the value of the hardness was (65.666N/mm2).But when analyzing the results of a sample of (Fe) No.(2) of the weight 
fraction(4% Wt) has been shown that the highest value for hardness was for a period of irradiation (12) days , 
reaching the value of hardness then to(78.5N/mm2),while the lowest value for hardness was when the situation 
natural (without irradiation ) and then the value of hardness (72 N/mm2).But when analyzing the results of a sample 
of (Fe) No.(3) of the weight fraction(6% Wt) it has been shown that the highest value for hardness was at a period of 
irradiation (12) days , reaching the value of hardness to (81N/mm2),while the lowest value for hardness was when the 
natural state (without irradiation ) as the value of hardness (72.666N/mm2). As shown above, to us that the hardness 
of the composite material reinforced by (Fe) particles is increasing with increasing periods of irradiation. 
 
Results from the previous adopt us that hardness increases with the irradiation of samples of iron (Fe) using isotope 
Strontium (Sr90) radioactive particles negative beta (β-) or (e-) and a half-life (28.8 y).To explain this , we can say that 
the beta negative or electron differs from the interaction of photons (-ray  UV, X-ray,) with the material, as the beta 
particle or electron passes a series of collisions with the material and then can be stabilized in the beam interaction 
the middle, during passing through the ionization process occurs in the medium to be stabilized or come out of it if 
the sample thickness less than (3mm).This kind of interaction with the polymer can lead to adisintegration of the 
polymeric chainsand re-(cross-linking) and as a result of this series of collisions in each collision will lose the electron 
part of the energy to be able to stability within the medium has been given enough time to form crystalline regions 
within this composite material has led to an increase degree of crystallization and then increase in (cross-linking) and 
this in turn has led to increased hardness.The increase in collisions series through which loses beta particle negative 
(e-) energy in the form of phases of (dE/dX) in the mediumthat can ionize the largest increase the time period for 
irradiation is happening and that means a greater number of rays negative beta and more electrons (e-), which settles 
in the material leads to disintegration the polymeric chains more and re-(cross-linking)  in a greater or fences be 
crystalline regions within the composite material, and this leads to increase the degree of crystallization and 
increased cross-linking and this in turn leads to increased hardness. 
 
And to discuss the hardness property increased weight fractionin the case of reinforced by( Fe )particle  after it has 
been read and hardness values for each point several times and then average the readings made for the purpose of 
obtaining high precision results and Figure (2) below.Notes from the previous figure increased hardness of samples 
of (Fe)values increasedweight fraction.an reason for this is due to the volume of particles used in reinforcement the 
matrix was the size (100 μm)where these particles be of high mechanical properties easy to penetrate the process 
inside the matrix during the manufacturing process leading to a two-way bridge voids formed during the 
preparation of composite material operationwhich in turn leads to increased contact area between the components of 
the prepared composite material thereby increasing interdependence among themselves and in an integrated manner 
, leading to the strong linkage at the interface between the epoxy and particles of iron (Fe),which led to better 
readings when checking hardness. 
 
Thermal Conductivity Test Results for (Fe) Samples before and after (휷)Irradiation 
From table (2), which shows the thermal conductivity of the samples (Fe) particlesnatural state values (without 
irradiation ) and periods of irradiation  (4,8,12) days and equivalent radiation dose (174.72Gy)and(349.44Gy) and 
(524.16Gy) respectively under the effect of beta rays.And Figure (3). Results show that the higher the value of the 
thermal conductivity of a sample of (Fe) No.(1) with the weighted fraction (2% Wt) was a period when irradiation 
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(12)dayson which amounted to (0.309978w/m.ko),while the lowest value appeared in normal conditions (without 
irradiation ), where the results showed that the value of the thermal conductivity was (0.206491w/m.ko).But when 
analyzing the results of a sample of (Fe)No. (2) of the weight fraction(4% Wt) it has been shown that the highest value 
of the thermal conductivity was for a period of irradiation (12 ) days , reaching the value of thermal conductivity then 
to(0.386819w/m.ko) while less valuable when it was the natural state (without irradiation ) and the value of the 
thermal conductivity then (0.266034w/m.ko).But when analyzing the results of a sample of (Fe) No.(3) of the weight 
fraction(6% Wt) has been shown that the highest value of the thermal conductivity was at the period of irradiation 
(12)dayson which amounted to (0.404898w/m.ko) , while the lowest value of thermal conductivity when was the 
natural state (without irradiation ) where worth (0.286285w/m.ko). 
 
As shown above, for us to thermal conductivity of the composite materialsreinforced by(Fe) particles  is increasing 
with increasing periods of irradiation.Notes from the study of this axis containing the study of the thermal 
conductivity as a function to the time of irradiation with different irradiation periods.an reason for this is due to the 
negative interaction of beta particles (β-) or (e-) with composite materials.Which led to the disintegration or 
biodegradable polymeric chains or led to the cross-linking of molecules , which explains that the rays negative beta , 
which is a high-energy electrons with the electrons would lose energy in the medium as a result of a series of 
collisionsIn the end, these electrons will settle into the medium and that while passing in the middle, leading to the 
occurrence of ionization in the atoms or molecules that the mediumand the loss of energy by (dE/dX) of any energy 
per unit length lossand which could lead to break ties and removing the hydrogen atoms from the totals (CH3, CH2, 
CH) and the formation of new chains , while retaining some of the original characteristics leads to change attributes 
based on polymeric chain length ( molecular weight ) due to the composition of (Cross-Linking) produces by 
complex combinations of these compositions is responsible for increasing the thermal conductivity of the composite 
materials with increasing duration of irradiation.And to discuss the thermal conductivity increased weight fraction in 
the case of consolidation ( Fe )particles and figure (4). 
 
Notes from the previous figure increased thermal conductivity of samples of (Fe)increased weight fraction[18], that 
the reason for this is due to the heterogeneous distribution of theseparticles, and this in turn led to the parity in the 
number of electrons unit volume, which in turn led to the lack of difference in the density of points per sample and 
this in turn, led to the lack of variation of the values of the thermal conductivity of some samples per series coefficient 
in addition to the lack of the presence of gaps and pores in the samples and this in turn has led to increased stacking 
density as well as increased seam metal surfaces minutes. All these factors led to the increase of thermal conductivity 
coefficient of the samples increased fracture weighted. 
 
Dielectric Strength Test Results for (Fe) Samples before and after (휷)Irradiation 
From table (3), which shows the Dielectric Strength of the samples (Fe) particles natural state values (without 
irradiation ) and periods of irradiation  (4,8,12) days and equivalent radiation dose (174.72Gy)and(349.44Gy) and 
(524.16Gy) respectively.And from Figure(5) . Results show that the highest value for the dielectric strength of a 
sample of (Fe) No.(1) of the weightfraction (2% Wt) was at the natural state (without irradiation ) which amounted to 
(11.481kV/mm) The lowest value appeared in the period of irradiation (12) day where the results showed that the 
value of the dielectric strengthwas (8.5kV/mm).But when analyzing the results of a sample of (Fe) No.(2) of the 
weightfraction (4% Wt) has been shown that the highest value dielectric strength was when the natural state (without 
irradiation ),reaching the value of the dielectric strength then to (11.2 kV/mm), while its minimum value It was at the 
period of irradiation(12) days and the value of the dielectric strength then(6.5kV /mm). But when analyzing the 
results of a sample of (Fe)No.(3) of the weighfraction(6% Wt) has been shown that the highest value was at the 
natural state(without irradiation) which amounted to(9.787kV/mm),while the lowest value was when the 
irradiation(12)days where the worth (7kV/mm). 
 
As shown above, to us that the dielectric strength values of  composite materials reinforced by (Fe) particles   
decreases with increasing periods of irradiation. From the above study this axis included the study of the dielectric 
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strength as a function to the time of irradiation and periods of different irradiation .The irradiation process led to a 
decrease in the dielectric strength and the reason is because the rays negative beta which are electrons high-energy 
words these electrons will lose energy in the medium,as a result of a series of collisions in the end will settle these 
electrons inside the medium and that while passing in the middle, leading to the occurrence of ionization in the 
atoms or molecules that the mediumand the loss of energy by dE/dX) of any energy per unit length loss, which could 
lead to break the bonds or the forces that bind of composite materials, which are classified into two types: 
 
a.Covalent Bond 
It a vast majority in the polymers and be responsible for polymeric chains any atoms that connect the structural units 
with each link and these bonds broken by the high-energy beta particles , which in turn leads to generate free roots 
inside thecomposite materials leading to a decrease in the dielectric strength of these materials increase the period of 
irradiation. 
 
b.Secondary forces 
They are many kinds of molecules bind composite materials exist between parts per series and know the forces 
between the composite materials powers (VanderValls)effect on the physical properties of composite materials . This 
forces shattered by the high- energy beta particles , which in turn lead to a decrease in the strength of the dielectric 
strength.And to discuss the dielectrc strength to increase the weight fraction in the case reinforced by(Fe)particles 
and Figure (6).It showed results set forth in the preceding formats decreasing dielectric strength forsamples of (Fe) 
and all the cases and that the values of this decrease exponentially with the increase shows the weighted fracture 
when thecomposite materials reinforced by (Fe) particles . The reason for this is due to the strong linkage in the case 
of reinforced by (Fe) particles too big for that note with increased voltages article maintains composite materials 
reinforced by (Fe) particles on decreasing the strength of the insulation exponentially. 
 

CONCLUSION 

After research and study on the composite materials samples prepared from epoxy resin reinforced by (Fe) was 
reached the following conclusions: 
1-Hardness and thermal conductivity of the samples prepared in this research values increase with increasing weight 
fraction reaching the highest values of hardness and thermal conductivity for(Fe) particles at weight fraction (6% Wt). 
Also, the hardness and thermal conductivity of the samples prepared values in this research increases with increasing 
duration of irradiation particles beta negative (β-) or (e-), reaching the highest values of hardness and thermal 
conductivity of (Fe) particles when the irradiation (12) days that the reason for this is due to the cross-linking 
accidental molecules epoxy resin on the one hand and metal particles on the other shown in figure(7,8).2-The 
dielectric strength of the samples prepared in this research values decrease with increasing weight fraction reaching 
the highest values of the dielectric strength for(Fe)samples at weight fraction (2%), and that because of that those 
particles increased the electrical conductivity of the samples process by filling in the blanks and gaps formed during 
the preparation leading process to decrease the distances evidence samples prepared and thus lower the dielectric 
strength to those samples. While dielectric strength of samples prepared in this research values has been shown that 
it decreases with increasingperiod of irradiation by  particles negative beta (β-) or (e-), reaching the highest values for 
dielectric strength for (Fe) particles when the natural state (without irradiation). 
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       Table(1) Represent the hardness values of (Fe) samples before and after irradiation         

      
 
 

   Hardness  푵
풎풎ퟐ                                                                                                  

Sample 
No. 

Irradiation Time (day=43.68Gy) Normal 
Condition 

12 8 4 0 

78.83 77.5 74.333 65.666 Fe(2gm) + Ep(98gm) 1 
78.5 78.3 74.333 72 Fe(4gm) + Ep(96gm) 2 
81 80 78 72.666 Fe(6gm)+ Ep(94gm) 3 
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      Table (2) Represent the thermal conductivity values of (Fe) samples befor and after radiation 

 

 Thermal Conductivity  ( w/m.ko)                                   
Sample 

     S.No. 

Irradiation Time (day=43.68Gy) Normal 
Condition 

12 8 4 0 
0.309978 0.294830 0.276034 0.206491 Fe(2gm) + Ep(98gm) 1 
0.386819 0.374071 0.353224 0.266034 Fe(4gm) + Ep(96gm) 2 
0.404898 0.393224 0.376971 0.286285 Fe(6gm) + Ep(94gm) 3 

       Table (3) Represent the Dielectric Strength values of (Fe) samples before and after irradiation 
 

 
                                                                                                                           

Dielectric Strength   kV/mm                                                             
Sample 

      S.No. 

Irradiation Time (day=43.68Gy) Normal 
Condition 

12 8 4 0 
8.5 9.11 9.68 11.481 Fe(2gm) + Ep(98gm) 1 
6.5 8.52 9.493 11.2 Fe(4gm) + Ep(96gm) 2 
7 7.2 8.219 9.787 Fe(6gm) + Ep(94gm) 3 

 

 
Figure (1) Represents a Shore hardness of (Fe)                  Figure (2) Represents a Shore hardness of                                                                  
 samples as a function of the time of irradiation              (Fe) samples as a function of theweight fraction 
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Figure (3) Represents thermal conductivity                Figure (4) Represents a thermal conductivity of (Fe)                        
of (Fe) samples as a function of the                          samples as a function of the weight fraction 
time of irradiation 
 

Figure (5) Represents Dielectric Strength of (Fe)        Figure (6) Represents a Dielectric Strength of (Fe)    
samples as a function of the time of irradiation          samples as a function of theweight fraction 
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Figure(7) Represents Hardness test of(Fe)                      Figure(8) Represents Thermal Conductivity                    
samples  (2%, 4%, 6%) Wt                                             test of (Fe) samples (2%, 4%, 6%) Wt 
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Trace elements are known to play vital roles in both metabolism and growth of living cells. The aims of 
this study are to investigate the levels of some trace elements (cupper, iron, nickel and zinc) in diabetic 
patients and studying the correlation between them.  50 healthy volunteers and 200 diabetic subjects were 
included in the study. Trace elements were measured via flame atomic absorption spectroscopy (Perkin 
Elmer). In addition, fasting blood sugar, serum urea and serum creatinine were measured via glucose 
oxidase, urease method and Jaffe method respectively.  Except serum cupper, all the three other trace 
elements were significantly lower in diabetic groups. Age and gender did not have any relationships with 
the levels of trace elements. All the trace elements did not correlate with each other apart from cupper 
with both iron and nickel.  These results do not confirm that low levels of trace elements causes diabetes 
mellitus. Further studies are needed to show the relationships. 

Keywords:  Diabetes mellitus, Trace elements, cupper, iron, nickel, zinc, interactions of trace elements.  
 
 
INTRODUCTION 
Type 2 Diabetes mellitus (DM) is a worldwide health problem that is caused by both genetics and environmental 
factors. One of the factors that is believed to cause type 2 DM is altered levels of trace elements [1]. Trace elements are 
present in all intact tissues and they perform vital functions in metabolism and growth in human body [2]. 
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In human and animal experiments, trace elements have shown to be contributed in the release, storage and resistance 
of insulin [3]. Cupper (Cu) for example, affect the reactivity and stability of many enzymes via conjugation [4]. Of 
these enzymes, Zn(II)-dependent superoxide dismutase, cytochrome C oxidase and others that are involved in the 
pathogenesis of diabetes complications [5].  
  
In addition, Iron, which is one of the most abundant trace elements, is capable of generating reactive oxygen species. 
These species may affect insulin receptor resulting development of DM [6, 7]. Another trace element is nickel (Ni), 
whose seven neighbor elements in the periodic table are vital. This indicates that it might also be vital physiologically 
[2]. People can be readily exposed to nickel because of its wide distribution in the environment and its heavy use in 
the production of alloys, nickel-cadmium batteries, electroplating etc. [8].Furthermore, Zinc (Zn) is believed to have 
an essential role in type 2 DM because of its contribution in the stimulation of the activity of insulin receptor tyrosine 
kinase [9]. Zn and Cu has shown to  inhibit the absorption of each other [10]. This shows that it is of great important 
to study the interactions of various trace elements.The aims of this research study are, (1) to study the level of cupper, 
iron, nickel and zinc in type 2 DM (2) to study the interaction of these trace elements with each other. 

 
MATERIALS AND METHODS 
 
Collection of samples 
This research was conducted on 200 type 2 diabetic patients and 50 healthy volunteers, after informed written 
consent. All the type 2 diabetic individuals were taken from Duhok Diabetic Center in June 2015. Diagnosis of 
diabetes was based on the guidelines of American Diabetic Association ≥126 mg/dl (7.0 mmol/l) [11]. The recruited 
individuals were aged > 30 years and were from both genders. Patients who are in the following drugs; multi-
vitamins, multi-minerals, diuretics, antihypertensive, or thyroid hormones, for the last three months were excluded 
from the study.3-5 mL of blood was collected from peripheral venous of each subject and collected in gel tube. 
Afterwards, the blood was centrifuged at 3000 rpm for 10 minutes at 25 °C and stored at -20 °C until the day of 
analysis.    
   
Analysis of samples 
The measurements of the trace elements were carried out after diluting the serum five-fold with de-ionized water, 
whereas lipemic serums were diluted ten-fold. Standard solutions of the trace elements were prepared by stepwise 
dilution of the stock solution Flame atomic absorption spectrometry (Perkin Elmer) was used for the determination of 
the levels of trace elements. For each subject the following tests were performed; fasting blood sugar via glucose 
oxidase method, serum urea by urease method, serum creatinine by Jaffe method. 
 
Statistical analysis       
Date was analysed using GraphPad prism 5 and explained in the form mean ± standard deviation. An unpaired 
student t- test was performed to compare the mean values between two groups. For comparing more than two 
groups one-way ANOVA was used. The Pearson’s correlation tests were used for determing the relationships 
between the parameters. A probability value (p-value) of less than 0.05 was considered significance. 
 

RESULTS AND DISCUSSION 

This research included 200 diabetic patients with type 2 and 50 healthy controls both groups were matched for age 
and gender. Table 1 shows the general characteristics of both groups. The mean age of diabetic groups was slightly 
higher than those of healthy groups (53.38 ± 9.42 vs. 49.64 ± 7.15) (p-value > 0.05). The proportion of male was quite 
similar to female in both groups. There was no significant difference in the mean body mass index (BMI) for both 
groups ( p-value > 0.05). The duration of diabetes for about half of the diabetic population was < 5 years and 30% of 
them 6-10 years and 18% more than 10 years. 
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Fasting blood sugar (FBS), serum urea and serum creatinine were assessed in both groups. There were significant 
statistical difference in the levels of FBS and serum urea and there was not for serum creatinine (Table 2).Table 3 
among the four trace elements that were measured, all of them had significant statistical difference between the 
healthy and diabetic groups except serum cupper. It is important to note that serum zinc had a highly significant 
difference. In terms of the relationships between the level of trace elements and the duration od diabetes and age, 
there were not any significant differences. Regarding the correlations between the trace elements, only serum Cu-Fe 
and Cu-Ni had strong positive correlation with each other (Table 4). 
 
Trace elements are vital micronutrients that carry out vital functions in the living beings [12].The purpose of this 
research paper is to evaluate the levels of cupper, iron, nickel and zinc and the interactions between them in type 2.   
The most significant results on this research paper is that serum iron, nickel and zinc have lower levels in the diabetic 
group than healthy group (p-value <0.05) and cupper is positively correlated with iron and nickel (p-value <0.05). All 
the researches that have been done on the levels of trace elements in DM have had various results. This might be due 
to the sampling methods, ethnicity, diets etc. The most diverse results in publications were for serum iron in which 
sometimes was higher in the healthy group and sometimes lower. In this research serum iron was significantly lower 
in the diabetic group than the healthy group. This is comparable to a study by Chen et al. (2012) [13]. However, in 
another study the levels of serum iron was significantly higher in diabetic patients [14] and in other did not show any 
statistical difference [15]. Our results indicate that prolonged DM might lead to anemia because of iron deficiency. 
This can by proved by studying the prevalence of anemia in elderly diabetic patients.  
 
Figure 1.Like serum iron, there are contradictions in the levels of serum nickel in publications. In the present study, 
the level of serum nickel was significantly lower in the diabetic group. However, in a study by Aguilar et al. (2007) 
the level of nickel was higher in the diabetic groups. The most significant difference in the levels of trace elements in 
the two groups was for serum zinc (p-value < 0.001). The lower levels of serum iron, serum nickel and serum zinc 
might be caused by the low intake, higher excretion via kidney.The low levels of these trace elements might cause 
DM or conversely, DM might be the consequences of low intake of trace elements or defect in their absorption. More 
researches are required to show whether DM decreases the levels of some trace elements or DM is the consequence of 
low levels of trace elements. This can be done by studying the levels of trace elements in pre-diabetic subjects. If in 
these subjects the levels of trace elements are not different from healthy control this shows that DM causes decrease 
in the levels of trace elements. However, if in these subjects the levels of trace elements are low, this might show that 
low levels of trace elements causes DM. Regarding serum Cu, in general serum Cu was higher in diabetic patients, 
however, it did not reach statistical significance (p-value > 0.05). 
 
There were not any relationships between duration of diabetes and gender with the concentrations of trace elements. 
Not having a relationship between trace elements and DM may indicate that DM has low effect on the lowering the 
levels of trace elements and it is the low levels of trace elements that cause DM.There were strong positive 
correlations between serum Cu with both serum iron and nickel. This indicates that these trace elements might have 
fairly similar functions in DM or they might participate in a similar pathway. 
 

CONCLUSION 
 
In conclusion, there are strong relationships between DM and trace elements. But further evidence are required to 
prove whether DM causes low levels of trace elements or low levels of trace elements cause DM. To study this for the 
future, research can be performed on pre-diabetic subjects and compare them with healthy control and diabetic 
patients. 
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Table 1: General characteristics of the patients and the healthy control groups. 
 

 
 

Parameter Non-diabetic (n=50) Diabetic (n=200) p-value 
Mean age 49.64 ± 7.15 53.38 ± 9.42 > 0.05 
Gender 
 Male 
 Female 

 
24 (48%) 
26 (52%) 

 
94   (47%) 
106 (53%) 

 

Mean BMI 28.32 ± 4.80 34.02 ± 6.59 > 0.05 
Duration of diabetes 

 <5 years 
  6-10 year 
 >10 years 

 
Nil 
Nil 
Nil 

 
104 (52%) 
60 (30%) 
36 (18%) 

 

Data are expressed as mean ± standard deviation 
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Table 2: The mean values of serum FBS (mg/dl), serum urea (mg/dl), creatinine (mg/dl). 
 

Parameter Healthy control (n=50) Diabetic (n=200) p-value 
Mean FBS 97.5 ± 18.2 213.7 ± 98.4 < 0.0001 

Mean serum urea 30.48 ± 9.65 36.88 ± 13.79 0.0414 
Mean creatinine 0.72 ± 0.22 0.89 ± 1.84 > 0.05 

Data are expressed as mean ± standard deviation. 

 
Table 3: Association of Cu, Fe, Ni and Zn with duration of diabetes and age. Results are expressed as 
mean ± standard deviation. 
 

Parameter Cu Fe Ni Zn 
Duration of diabetes     

<5 years 1.802± 
0.447 

1.808 ± 
0.606 

0.426 ± 
0.169 

0.760 ± 
0.3564 

6-10 years 1.730 ± 
0.363 

1.725 ± 
0.512 

0.466 ± 
0.193 

0.810 ± 
0.3243 

>10 years 1.778 ± 
0.389 

1.892 ± 
0.552 

0.457 ± 
0.190 

0.716 ± 
0.3625 

P-value 0.873 ± 
 

0.776 0.785 0.802 

Age     
< or = 50 years 1.73 ± 0.073 1.73 ± 0.095 0.391 ± 0.038 0.753 ± 0.076 

> 50 years 1.79 ± 0.082 1.87 ± 0.115 0.456 ± 0.035 0.773 ± 0.061 
p-value 0.635 0.383 0.228 0.843 

Data are expressed as mean ± standard deviation. 
 
Table 4: A table showing the correlations of trace elements with each other. 
 

Parameters Pearson's correlation ( r ) p-value 
Cu-Fe 0.3663 0.0089 
Cu-Ni 0.4879 0.0003 
Cu-Zn -0.04200 0.7721 
Fe-Ni 0.1955 0.1736 
Fe-Zn -0.05738 0.6922 
Ni-Zn 0.03136 0.8288 
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Figure 1: Figure showing the levels of trace elements in mg/L for healthy and diabetic groups. The p-
value was as follow: Serum cupper 0.4206, serum iron .0020, serum nickel < 0.0001, serum zinc 0.0030 
*Indicates that there is a significant difference between the two groups. 
**Indicates that there is a highly significant difference between the two groups (<0.0001). 
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Solar drying of any product is the most feasible drying method, due to retention quality of the product 
after drying and saving in drying time. Keeping in view these facts a study entitled, “Techno economic 
performance evaluation of solar tunnel dryer” was undertaken. The drying time, drying temperature in 
dryer, solar intensity, moisture content of the product, ambient temperature, and relative humidity were 
measured. The results showed that, temperature inside the solar tunnel dryer boosted up by 15-200 C 
more than the ambient. The overall drying efficiency of Ginger slices and Spinach leaves were found to be 
39.62 per cent and 33.48 per cent, respectively. The benefit-cost ratio, net present worth and payback 
period for drying of Ginger slices was found to be 1.39, 1379282.13 Rs, and 3 months and 5 days, 
respectively. The system was found economical for drying of Ginger slices and thus the dryer can be 
integrated in rural system in the present energy context. 
 
Keywords : solar tunnel dryer, drying efficiency, drying rate, moisture ratio 
  
 
INTRODUCTION 

Drying is the most common and fundamental method for post-harvest preservation of agricultural produce because 
it is a simple method for the quick conservation of the agricultural produce of the plant material [1]. Ginger 
(Zingiberofficinale) is an herb in plant habit. Fresh ginger root is usually consumed as spice in the tropical countries 
and dried ginger is used as medicinal plant internationally. Dried ginger is produced from the mature rhizome. As 
the rhizome matures, the flavour and aroma become much stronger. Dried ginger can be ground and used directly as 
a spice or in medicinal use and also for the extraction of ginger oil and ginger oleoresin.  
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Spinach (Spinacia oleracea L.) is a flowering plant in the family Amaranthacea, native to central and south western 
Asia. It is an important leafy vegetable, now grown throughout the temperate regions of the world. It is a rich source 
of iron, magnesium and potassium, and extraordinarily high in vitamins C, A, E, B6 and thiamine (Wikipedia 
Encyclopedia 2007). Spinach is widely used in making various foods like puree, soups and baked products [2].Drying 
is one of the preservation methods that have the capability of extending the consumption period of spinach [3]. This 
method brings about substantial reduction in weight and volume, minimizing packaging, storage and transportation 
costs, and enables storability of the product under ambient temperatures [4]. The removal of moisture prevents the 
growth of the micro-organisms responsible for the spoilage of the foods. This can be achieved by drying or 
dehydration for removal of water (responsible for many deteriotive) form a product. 
 

MATERIALS AND METHODS 

The experimentation was carried out on solar tunnel dryer installed under All India Coordinated Research Project on 
Energy in Agriculture and Agro based Industries, Dr. P.D.K.V., Akola installed at Chalisgaon, Varahi Agrotech, Dist-
Jalgaon. Fresh Ginger and Spinach leaves were procured and used for the experimentation. The drying experiment 
was conducted at no load and full load condition in the solar tunnel dryer. The samples were prepared in order to 
undertake study of drying behavior of Ginger slices and Spinach leaves. The Ginger slices and Spinach leaves were 
dried in solar tunnel dryer and open sun drying having different sample codes as given in table 1.technical 
specification of solar tunnel dryer given in table 2. 

Performance evaluation of solar tunnel dryer 
The performance of the solar tunnel dryer was evaluated for drying of ginger slices and Spinach leaves .The 
performance of the system was evaluated by conducting no load and full load test. The solar tunnel dryer used in 
experiment fig.1. 
 
Study of drying characteristics 
The drying mechanism depends on simultaneous heat and mass transfer phenomenon and factors dominating each 
process determined the drying behaviour of the product. The drying rates were computed from the experimental 
data and drying characteristics curves i.e. moisture ratio (db) vs. time, drying rate vs. time and moisture content (db) 
were plotted. 

 
Determination of moisture content  
Initial moisture content of sample was determined by the hot air oven drying method as recommended by [5]. 
Samples were weighed using electronic weighing balance of least count 0.01g. The Spinach leaves sample were 
placed in hot air oven at 70 ± 0.50 C for 12.00 h and Ginger slicesat 105 ± 0.50 C  for 24:00 h . Following formulae were 
used 

100 x
)(W

)W-  (W
M.C.(wb)%

1

21=  

              
100 x

(W
)W-  (W

M.C.(db)%
2

21
)

=

 
Where,  
W1= Weight of sample before drying, g 
W2= Weight of bone dried sample , g 

Determination of moisture ratio 
The Moisture ratio of the produce was computed by following formula [6]. 
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(M.R.) Ratio Moisture
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e=
 

Where,
 M  =  Moisture content (db), per cent 

Me =  EMC, (db), per cent 
M0 =  Initial MC, (db), per cent 
 
Determination of drying rate 
The drying rate of produce sample during drying period was determined as follows [6]. 

Δt
ΔW)(D rate Drying R   

Where, 
ΔW = Weight loss in one h interval (gm/100gm bdm min.) 
Δt = Difference in time reading (h) 

Economic analysis of the system 
The assumptions/considerations were taken for carrying out economic analysis of solar tunnel drying system. The 
area of the solar tunnel dryer was18.0 m2  The capacity of the solar tunnel dryer for Spinach leaves and Ginger slices 
was, 40 and 100 kg batch-1 respectively. The dryer produce 9 and 20Kg dried product of Spinach leaves and Ginger 
slices per batch respectively. The initial cost of Spinach leaves and Ginger slices Rs 20,and 80 per kg, respectively 
Discounting rate was assumed to be 10 per cent as compared to bank lending rate of interest. Cost of dried product of 
Ginger slices and Spinach leaves were Rs. 600, and 150 Kg respectively. The annual repair and maintenance cost was 
Rs. 10,000 considering replacement of UV sheet after 3 years and an expenditure towards painting minor repair 
etc[7]. 

The Economic indicators were determined to access the economic viability of the system. 
1) Net present worth (NPW) 
2) Benefit cost ratio (B/C ratio)   
3) Payback period 
 
Net present worth (NPW) 
The difference between the present value of all returns and the present money require for making an investment is 
the net present worth. The present value of the future returns was calculated though the use of discounting. 
Discounting is a technique by which future benefits and cost streams can be converted to their present worth. 

NPW = 


 

nt

t
t

tt

i
CB

1 )1(
  -

 

Where,  
  Ct = Cost in each year 

 BT = Benefit in each year 
 t = 1, 2, 3................n 
 i = discount rate  

 
Benefit cost ratio 
This is the ratio obtained when the present worth of the benefit stream is divided by the present worth of the cost 
stream. The mathematical benefit-cost ratio can be expressed as 
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Where,  
 Ct = Cost in each year 
 Bt = Benefit in each year 
   t = 1, 2, 3................n (year) 
 i = discount rate 

Payback period 
The payback period is the length of time from the beginning of the project until the net value of the incremental 
production stream reaches the total amount of the capital investment. The payback period of the project is estimated 
by using the straight forward formula 

                                  E
IP   

Where,  
P =  Payback period of the project in years, 
I  =  Investment of the project in Rs. 
E  =  Annual net cash revenue in Rs. 

 
RESULTS AND DISCUSSION 

The variation of temperature, relative humidity of different locations inside the solar tunnel dryer with 
corresponding ambient temperature, relative humidity and solar insolation were recorded to evaluate the 
performance of solar tunnel dryer at no load condition during winter season [8]. 

  
Full load testing of solar tunnel dryer 
The samples of the Ginger slices and spinach leaves were loaded in thin layer on trays over racks in the solar tunnel 
dryer. The drying of these samples was continued till the moisture content reached to EMC of the selected products 
on db. The drying experiments were carried out in winter season in the month of December. The results obtained 
from drying experiments of Ginger slices and spinach leaves, in solar tunnel dryer are compared with open sun 
drying are summarized as follows. 
 
Drying characteristics of Ginger slices and spinach leaves in open sun drying and solar tunnel dryer 

The drying characteristics of Ginger slices and Spinach leaves samples in natural convection solar tunnel dryer were 
studied and compared with open sun drying. The different drying characteristics in terms of moisture content per 
cent (db) drying rate (gm /100 gm bdm min) and moisture ratio were studied.  

Drying of Ginger slices in STD and OSD  
Fig.2 and Fig.3 revealed that the drying rate varied from 4.215 to 0.022 and 1.85 to 0.009gm/100gm bdm min for 
drying of Ginger slices in solar tunnel dryer and open sun drying, respectively. The average drying rate was found to 
be 0.382 and 0.192gm/100gm bdm min corresponding to average moisture ratio of 0.350877 and 0.311 for STD and 
OSD, respectively. 
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Drying of Spinach leaves in STD and OSD 
Fig. 4 and Fig. 5 revealed that the drying rate varied from 8.715 to 0.01128gm/100gm bdm min and 6.46 to 
0.01gm/100gm bdm min for drying of spinach in solar tunnel dryer and open sun drying, respectively. The average 
drying rate was found to be 1.068 and 0.47gm/100gm bdm min corresponding to average moisture ratio of 0.238 and 
0.27 for STD and OSD, respectively. 
 
Overall efficiency of solar tunnel dryer 
Overall efficiency of solar tunnel dryer based on experimental data was calculated by considering the total moisture 
evaporated associated with heat input and heat gain by product [9]. The results obtained from overall efficiency of 
Ginger slices and spinach leaves dried in solar tunnel dryer is depicted in Table 3.  
The economic feasibility of the solar tunnel dryer for the drying of above sample was calculated by considering the 
initial investment of the dryer, average repair and maintenance cost, cost of raw material and selling price of the 
material after drying.  
 
Net present worth- Net present worth for whole Ginger Slices is presented in Table 4. The net present worth of 
total cash inflow and outflow for drying of Ginger Slices under solar tunnel dryer was found to be Rs.1379282.13. 
Based on the NPW it could be concluded that the drying of Ginger Slices in STD is an economical and there is 
substantial increase in the income of the above products processing. 
 
Benefit cost ratio- The BC ratio of the system was calculated by dividing present worth of benefit stream and 
present worth of cost stream. Table 4 revealed benefits cost ratio of Ginger Slices in STD and found to be 1.39. Thus, it 
is concluded that investment is justified and drying of Ginger Slices in solar tunnel dryer is economically viable. 
 
Payback period - Payback period for drying of Ginger Slices in solar tunnel dryer was found to be 3 month and 5 
days for recovery of the initial investment of solar tunnel dryer Thus, it could be concluded that the drying of above 
products seems to be economical in solar tunnel dryer because solar energy is freely available throughout the year 
thus no additional expenditure was incurred for air heating. 
 

CONCLUSION 

Performance of the system was evaluated at no load and full load test by drying the Ginger slices and Spinach leaves. 
The quantity of the product loaded, moisture content of the product at initial and during drying period was 
measured. At no load test, the avg. temperature and relative humidity during daytime in the STD was 44.5°C and 
15.22 per cent and in OSD was 36.23 °C and 21.44 per cent, respectively. In full load test avg. temperature and relative 
humidity during daytime in STD was 45.25° C and 22.44per cent in OSD was 30.91°C and 24 per cent in the month of 
December. Solar tunnel drying took 12h to bring down the moisture content of Ginger slicesfrom 488.235 to 13.53 per 
cent (db) and 18 h under open sun drying.For Spinach leaves solar tunnel drying took 8 h to bring down the moisture 
content from 1050 to 13.33 per cent (db) and 13.5 h under open sun drying. The overall drying efficiency of Ginger 
slices and Spinach leaveswere found to be 39.62 per cent and 33.48 per cent, respectively. The benefit-cost ratio, net 
present worth and payback period for drying of Ginger slices was found to be 1.39, 1379282.13 Rs, and 3 months and 
5 days, respectively. 
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Table 1. Sample codes used for different product 

S. No. Different samples Trays in Solar Tunnel Dryer Open sun drying 

1 Ginger IG1 IG2 IG3 OG1 OG2 OG3 

2 Spinach leaves IS1 IS2 IS3 OS1 OS 2 OS3 
 

Table 2. Technical specifications of solar tunnel dryer 

 S. No. Particulars Specifications 

1. Aperture area, m2 24.25 

2. Width of dryer, m 3.00 

3. Length of dryer, m 6.00 

4. Drying tray area, m2 2.5 (1.6 m x 1.6 m) 

5. Number of trays 05 on each trolley 

6. Height of tunnel, m 2.0 

7. Plastic cover, UV stabilized 200 μm 

8. Chimney 2 Nos., Ø 0.15 m, H =0.75m 

9. Fresh air vent area, m2 0.05 

10. 
Exhaust Fan, single phase, 

40 Wp, 1400 rpm 
1Nos, Brushless AC 

11. Door 1.80 m x 0.75 m 
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Table 3 Overall efficiency of solar tunnel dryer for Ginger slices and spinach leaves 

 

Table 4 Economic analysis of solar tunnel dryer for Ginger slices drying 

S. No. Description                       Ginger slices 
1 Initial investment (Rs) 55000 
2 Annual use no. of batches 60(100Kg) 
3 Cost of raw material  (Rs yr-1)           @80Kg   4,80,000 
4 Cost of labour for drying (Rs yr-1) 20,000.00 
5 Operation and maintenance cost (Rs yr-1) 3000.00 
6 Total dried product (kg) 1200 
7 Total cost of finished product @ Rs 600/kg 720000.00 
8 Net present worth, Rs 1379282.13 
9 Benefit- cost ratio 1.39 

10 Payback period 3 month 5 days 
 

           Fig.1.Schematic view of solar tunnel dryer 
 

S. 
No. 

Samples Total drying 
time, (sec) 

Avg. moisture 
removed,(kg) 

Avg. Solar 
Radiation, 

(w/m²) 

Efficiency, (%) 

1 Ginger slices 43200 80.7 438.81 39.62 

2 Spinach 
leaves 

28800 90.93 438.81 33.48 
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 Fig. 2.Variation of moisture ratio & drying                     Fig. 3.Variation of moisture ratio & drying 
 rate of Ginger slices in STD                                               rate of Ginger slices in OSD 

 

              
 
Fig. 4. Variation of moisture ratio & drying                    Fig. 5. Variation of moisture ratio & drying  
rate of Ginger slices in STD                                                rate of Ginger slices in OSD 
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Present investigation has carried out to assess the energy consumption pattern in the pulse processing 
industry. A survey has been carried out at M/s Radha Industries, MIDC, Akola. The pulse processing 
capacity of the industry is about 10 tones par day. The step wise energy consumption during the 
processing of the pulse for making the dal was worked out. The electrical energy consumption per day for 
the dal processing in a day was estimated and found to be 582 kWh which included the pre-processing 
operation, touching and the milling operation. The per kg of energy consumed in producing the dal was 
found to be 0.073 Kwh. The cost of energy per kg of dal produced was found to be Rs 0.80. 
 
Keywords :  Energy audit, Energy conservation, Pulse processing 
  
 
INTRODUCTION 

India being the largest producer [18.5 million tons] and processor of pulses in the world also imports around 3.5 
million tons annually on an average to meet its ever increasing consumption needs of around 22.0 million 
tons.Maharashtra is one of the major important states in growing pulses. The major pulses grown in the state are 
mung, urid, tur, chickpea etc. The area under major pulses i.e. mung, urid, tur and chickpea during the year 2009-10 
in Maharashtra was around 12.50 lakh hectares and production was about 9.13 lakh tonnes with productivity of 
major pulses 730 kg/ha. However, Vidarbha contributes, 5.14 lakh hectares area under pulses and the production was 
about 5.43 metric tonnes with productivity of major pulses 997 kg/ha. As the production of pulses in Vidarbha region 
of Maharashtra state is increasing day by day, the Akola and Amravati districts of Vidarbha region are important 
according to pulse processing point of view. In India, pigeon pea is mostly consumed after dehulling in the form of 
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dal (dehulled splits of pigeon pea). Pulse processing is an old practice. India produced 18.45 million tonnes of pulses 
in 2012-13 [1]. Pigeon pea (Cajanas cajan) is also known as Tur in Hindi. Production of pigeon pea to the tune 15.24 
million tonnes is the 4/5th share in the world and 1/5th share in the total pulse production in the country. 
Maharashtra produces the maximum level of pigeon pea in India accounting to 700000 tonns [2]. Dal is mostly 
consumed in the form of dehulled splits (dal) as it improves its appearance, texture, cooking quality, palatability and 
digestibility. Dehulling of pigeon pea involves two steps; pretreatment of grain for loosening the seed coat and its 
removal from the cotyledons. There are two approaches to remove hulls, namely wet and dry milling. Generally, the 
dry method of milling is used throughout the Indian subcontinent for milling of pigeon pea because the quality of 
splits obtained from wet milling is poor [3, 4]. 
 
Availability of power has a crucial rule in economic development of the country. In today’s world energy is very 
precious India ranks fifth in the world in total energy. Energy conservation means reduction in energy consumption 
without making any sacrifice of quantity or quality. A successful energy management program begins with energy 
conservation; it will lead to adequate rating of equipment, using high efficiency equipment and change of habits 
which causes enormous wastages of energy [5]. 
 

MATERIALS AND METHODS 

Study of locale 

The operation-wise data of M/s Radha Dal/Pulse processing industry situated at MIDC, Phase III, Akola was 
collected and analysed. The information regarding the electric motors and other appliances has been collected during 
the visit. A stepwise approach has been followed in respect of energy consumption in pulse processing.  
 
About pulse processing industry 
Processing is an important marketing function in the present day marketing of pulses. Processing converts the raw 
materials and brings the produce nearer to human consumption. It is concerned with value addition to the produce 
by changing its form. Pulses are generally converted into dal by splitting the whole seed. Hence survey of energy 
consumption in pulse processing industry was carried out which is situated in MIDC Akola. Capacity of processing 
plant is 10 tonnes /day. Details such as power consumption, various pulse processing machineries involved in 
processing are as given in table1. 
 
Assessment of energy consumption  
The total energy consumption in various operations has been calculated based on the step-wise energy requirement 
during the process.  The electrical energy consumption per day for the dal processing in a day is for the various 
operations which included the pre-processing operation, touching and the milling operation [6].   
Energy consumption for unit operation (kWh) = Total power requirement (kW) × operation duration (h) 
The annual energy consumption for the specific operation was determined by using the following relation,  
Annual energy consumption = per day energy consumption (kWh) × annual working day 
 
The total energy consumption for the whole processing of various unit operation of pulse for one day is estimated as 
below;  
Total energy consumption (kWh)/day =Energy consumption in pre-cleaning + energy consumption in touching 

operation + energy consumption in main dal process operation 
 
Energy consumption in processed quantity of raw materials 

The total energy consumption per tonne of processed raw materials has been worked out for the surveyed industry. 
The raw material based energy consumption is worked out by following formula; [7]. 
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Energy consumption = Total annual energy consumption in dal processing (kWh) / Total raw      
                                         material processed (tonne) 
 
Energy consumption per kg of dal produces 

The per kg of energy consumed in producing the dal was determined on annual basis for the visited industry [8].  
The details of the estimation procedure are given below; 
Total dal produce during process = Total raw material process × recovery material  
Total energy consumption (kWh per kg) = Total annual energy consumption (kWh)/ Total raw 
                                                                            Material in kg Estimation of Cost of Energy: 
The cost of energy for the pulse processing is evaluated based on the energy consumption and the quantity of dal 
produced annually.The details of the cost calculation of energy is given below;  
Cost of energy per process kg of dal =    Total energy consumption (kWh) × cost of energy   
                                                                       per unit  (INR) /Annual processed material (kg)    
 
 

RESULTS AND DISCUSSION 

The energy consumption during the various unit operations in pulse processing was estimated.  The step –wise 
energy consumption from pre-cleaning operation to the finished produce was evolved for determination of energy 
requirement to the total quantity of raw materials. The energy requirement for the per kg of the processed pulse were 
estimated. The cost of energy per kg of processed pulse was estimated. The estimated results obtained are presented 
below.  
 
Pre-cleaning energy consumption 

Pre-cleaning operation comprises of separation, destoning and grading of raw material used in milling operation. 
This operation is energy intensive and requires much energy for the pre-cleaning process. In this operation the data 
regarding electric motors has been collected and the total horse power requirement was found to be 20 hp 
(separation, destoning and grading). The details regarding energy consumption is given below 
Raw material to be pre-cleaned= 10 tonnes 
Power consumed during pre-cleaning (i.e. Separation/ De-stoner and elevating of material) 

1) Total power required in pre-cleaning = 15 hp + 5 hp 
                                                                                  = 11.19 + 3.73 
                                                                                  = 14.92 kW 

2) Energy consumption = Total power requirement × operation duration 
                                                      = 14.92 × 12 
                                                      = 179.04 kWh per day 

3) Annual energy consumption = Per day energy consumption × annual working day 
                                                                    = 179.04 ×320  
                                                                    = 57292.8 kWh 
The power requirement in pre-cleaning operation was observed to be 14.94 kW.This operations was continuously run 
over one and half shift of a day (12 h.). The annual working of the milling plant was considered as per discussion 
with plant managerial. The annual working days are approximately 320. The per day energy consumption in pre-
cleaning operation was calculated to be 179kWh.The annual energy consumption was calculated to be 57292 kWh. It 
is found that pre-cleaning of raw produce in pulse processing consume more energy.  
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Energy consumption in touching operation (Emery roller) 

Emery rollers are the devices used for touching the seed coat for penetration of oil into the grain in order to loosening 
the husk/ seed coat. This operation has been fallowed in two passes. An electric motor of approximate 5 hp size is 
comfortable to drive the emery rollers. The details regarding the energy consumption during the rolling operation is 
narrated below.   

1) Total power required for emery roller = 5×0.746 
                                                                                   = 3.73 kW 

2) Total energy consumption = Total power required × working hours 
                                                = 3.73 × 12 
                                                = 44.76 kWh per day 

3) Annual energy consumption = Per day energy consumption × annual working day 
                                                    = 44.79 × 320 
                                                    = 14323.2 kWh 

Total power required for emery roller in touching operation is observed to be 3.73 kW. Where as the total energy 
consumption for this operation is calculated as 45 kWh. The annual energy consumption is calculated as 14323.2 
kWh.   
 

Energy consumption in main dal process 

The energy use pattern in the dal processing is varies according the operation involved. The main dal process 
involved the milling, dehusking and the splitting of dal. This process accounts the large amount of energy 
conservation [9]. The details calculation of the energy required for the dal process is given below;  

1) Total power required in main dal process = 40 hp 
                                                                   = 40 × 0.746 
                                                                   = 29.84 kW 

2) Total energy consumption = 29.84 × 12 hr 
                                                = 358.08 kWh per day  

3) Annual energy consumption = Per day energy consumption × annual working day 
                                                    = 358.08 × 320 
                                                    = 114585.6 kWh  

 It is observed that, a total of 29 kW of power is required to drive the various mechanical equipments in the process. 
A total of 358 kWh of electrical energy is required for the main dal process operation in a day. Per annum of 114585 
kWh of energy is consumed in this operation.  
 
Total energy consumption in whole dal process  

The total energy consumption in various operations has been calculated based on the step-wise energy requirement 
during the process.  The electrical energy consumption per day for the dal processing in a day was estimated and 
found to be 582 kWh which included the pre-processing operation, touching and the milling operation.  A detail 
about the calculation is given below;  
 = (Energy consumption in pre-cleaning + energy consumption in touching operation + energy consumption in main 
dal process operation) 
                                                                   = (179.04 + 44.76 + 358.08) 
                                                                   = 582.24 kWh per day 
The annual energy estimate for the process is work out and the total energy consumption was found to be 186201 
kWh.  The details about the calculation are given below;  

 Total annual energy consumption  
                = Total energy consumption in whole dal process × annual working day 
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                                                        = 582.24 × 320 
                                                        = 186201.6 kWh 

 Total raw material processed  per annual = 320 × 10 
                                                         = 3200 tonne 
 
Energy consumption for processed quantity of raw materials 

 The total energy consumption per tonne of processed raw materials has been worked out for the surveyed 
industry. The energy consumed in processing of per tonne of raw materials was found to be 58 kWh.  The detail 
calculation is given below;      
 = (Total annual energy consumption in dal processing / Total raw material processed) 
                                            = (186201.6/3200) 
                                            = 58.18 kWh/tone 
 
Energy consumption per kg of dal produces 

The per kg of energy consumed in producing the dal was determined on annual basis for the visited industry. It 
account to be 0.073 kWh/kg of produced dal. The details of the calculations are given below;  
Total raw material process annual= 3200 tonne( Appro. recovery of dal = 80 %) 

 Total dal produce during process = Total raw material process × recovery material  
                                                            = 3200 × 0.80  
                                                            = 2560 tonne 

 Total energy consumption per kg = (Total annual energy consumption / Total raw material in kg) 
                                                                            = (186201.6 / 2560000) 
                                                                            = 0.073 kWh/ kg 
 
The energy cost in the process 

The cost of energy for the pulse processing is evaluated based on the energy consumption and the quantity of dal 
produced annually.   The cost of energy per kg of dal produced is found to be Rs 0.80. The details of the cost 
calculation of energy are given below;  

 Annual energy consumption = 186201.6 kWh  
 Dal produced annually = 2560 tonne 
 Annual electricity bill = Total energy consumption × cost of energy per unit  

                                       = 186201.6 × 11 
                                       = 2048217.6 Rs/- 

Cost of energy per process kg of dal  
                                            = (2048217.6/ 2560000) 
                                            = 0.803 Rs/- 
 
CONCLUSION 

The survey was conducted to find the energy consumption in the pulse processing at MIDE, Akola. The details about 
the energy consumption in the various processes are collected to know the energy consumption. It is found that, the 
surveyed industry was processed the 10 tonne of raw materials per day. The annual energy consumption of the pulse 
processing is estimated and found to be 186201 kWh. The operation wise energy consumption showed that, the 
milling and spitting operation required the large amount of energy to produce the finished produce.The per kg of 
energy requirement for making the dal was estimated and found to be 0.073 kWh.  The cost of energy (electrical) was 
worked out on per kg of dal produced and estimated to be Rs. 0.803. 

Khambalkar et al. 
 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.7 / Issue 38 / October 2016                       International Bimonthly                                            ISSN: 0976 – 0997        
 
 
 

11603 
 

   

REFERENCES 

1. “All India region wise generating installed capacity of power” Central authority ministry of power, Government 
of India. November 2011. www.wikipedia.com. 

2. Gard Analytics, “Energy, Economic and Environmental Research” ,www.gard.com. 
3. Khadkikar V. Singh B. “Power Factor Correction in Electronic Ballast for Compact Fluorescent Lamps”, The 

Institution of Engineers (I) Vol. 87, September 2006. 
4. Mendis N.N.R, Perera N. “Energy Audit: A case Study” Information and automation, 2006, ICIE 2006. IEEE 

International Conference, page 45-50, 15- 17 Dec.2006 
5. Zhang Jian, Zhang Yuchen, Chen Song, Gong Suzhou; “How to Reduce Energy Consumption by Energy Audits 

and Energy Management” Issue Date: July31 2011- Aug.2011 on page(s): 1 - 5 Date of Current Version: 12 
September 2011 

6. Shradha C. Deshmukh and Varsha Arjun Patil,  Energy conservation and audit, International Journal of Scientific 
and Research Publications, Volume 3, Issue 8, August 2013. 

7. R. Hari Baskar, Hitu Mittal, Mahesh S Narkhede and Dr. S.Chatterji, Energy Audit – A case study, International 
Journal of Emerging Technology and Advanced Engineering, Volume 4, Special Issue 1, February 2014. 

8. Biswas, Mukherjee and Ghosh. Conservation of Energy: a Case Study on Energy Conservation in Campus 
Lighting in an Institution, International Journal of Modern Engineering Research, Vol.3, Issue.4, Jul - Aug. 2013 
pp-1939-1941. 

9. Panchal, Dwivedi and Aparnathi. The Case study of Energy Conservation & Audit in Industry 
Sector.International Journal of Engineering and Computer Science,Volume 3 Issue 4 April, 2014 Page No. 5298-
5303. 

 
Table 1. Details of pulse processing industry 

 
Name of Agro Industry RADHA INDUSTRIES, Phase III, MIDC Akola 
Raw Material process Green gram, Black gram 

Electrical utility Sanction load -107 hp 
Utilization – 50% of total 

Main electric motor : 50 hp (90% connections on 
main motor) 

Electrical consumption: 6000 kWh approximately 
Mechanical drive Single drive 

Machineries of processing Destoner,  Pre-cleaner, elevator, , rollers, Dryer, separator, 
colour sorting machine, compressor 
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In this paper synthesis of cadmium nickel ferrite (Cd 0.9Ni0.1Fe2O4) powder products with particles' size in 
nanometer range using sol gel methodas well assinteringprocess was confirmed. X-ray diffraction 
measurements of the sintered trialswere carried out to produce the formation of single periodmaterials 
and the lattice parameter. The lattice parameter was increased with increasingof the sintering 
temperature. It includes also been observed that the estimated bulk densities of the materials increase 
when the sintering temperature is elevated.The results of Atomic Forces Microscopy (AFM) show that the 
grain size increases with increase the temperature of sintering. The results of dielectric constant showed   
increasing at high frequencies more rapidly than that at low frequencies. The effect of different sintering 
temperature on the band gap and optical constants (extinction coefficient, refractive index, and dielectric 
constants) of these films has been investigated and the optical constants and the Urbach energy values of 
the films were influenced by the deposition parameters. 
 
Keywords : Cadmium Nickel Ferrite , Optical properties , Sol gel method 
  
 

INTRODUCTION 

Ferrites are technologically essential materials that are used in the fabrication of permanent magnetic, electronic and 
microwave devices. They may have gained technological importance due to their high resistivity and negligible eddy 
current loss [1].Spinel ferrites have the standardmolecularformula (A2+) [B3 ] O24, where A2+ and B3+are the divalent 
and trivalent cation correspondingly,occupyingtetrahedral (A) and octahedral (B) interstitialpositions of an fcc 
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formed by O2- ions.Nickel ferrite, NiFe2O4, is an inverse spinel in whichthe tetrahedral sites (A) are occupied by Fe2+ 
and Ni2+ ions [2]. This material is essentially used in electricand electronic gadgets as well as in the catalysis 
[3].Substituted nickel ferrites have been the subject of extensive investigation because of their microwave 
applications. Solid solution of the spinelCadmium Nickel ferrite system has cubic configuration with the unit cell 
consisting of eight formula units of the form (Cd1 -x2+ Fe x 3+) A[Nix2+Fe2-x3+]BO42- [4], [5]. Accordingly, a normal spinel 
ferrites were obtained for x=0, an inverse obtained for x = 1, and intermediate for 0<x<1. In the present work an 
attempt was being made to synthesis Cd-Ni ferrite with general formula Cd1-xNixFe2O4 (where x= 0.1, 0.3, 0.5,0.7and 
0.9) by sol -gel method and also the influence of substitution of nickel in cadmium ferrite on structural and optical 
properties are investigated at different sintering temperature [6]. 
 

MATERIALS AND METHODS 

Raw Materials 
The raw materials include the following compounds: 

 Nickel nitrate Ni (NO3)2 
 Iron nitrate Fe2 (NO3)2 
 cadmium nitrate Cd (NO3)2 
 Methanol and ammonia solution. 

 
Experimental Details 
Cadmium nickel ferrite with the general formulaCd1-x Ni x Fe2O4 (x= 0.1, 0.2, 0.3) were prepared by sol gel method. 
Raw materials are dissolved in distilled water. The mixture of the raw material was stirred at 60 0C on hot plate 
magneto-stirrerand the ammoniais addedfor the purpose of access to pH 10.This processis continuously stirred to 
obtain uniform gel.The solution was washed by using distilled water and paper filter to get rid of ammonia and then 
Placed in an Oven at temperature of 150˚Cfor a three hours to get dray gel. Finally grinding process of dry gel 
toobtain fine powder and sintered at temperature range of (450 0C-950 0C) 

RESULTS AND DISCUSSION 

 X-Ray Diffraction results 
Figure 1shows the XRD.  Patterns of typical samples of (Cd0.9 Ni0.1Fe2O4) sintering at the various temperatures.All of 
the characteristics peaks of spinel crystal structure were within the diffraction pattern. Critical reflections were 
observed from the planes of (202), (111), (313), (200), (400), (333), (404) and (531) characterizing the cubic spinel 
structures, demonstrating the fact that the synthesized ferrite combination of single-phase cubicspinel.Since no 
uncertain reflections, other than the spinel structures, were confirmed.All XRD measurementsrevealed match well 
with the typical patterns of inverse spinel ferrite. Interplant distance and planes are calculated by Bragg's diffraction 
law and index method using equation1and 2 [7].The increasing of annealing temperature leads to that the diffraction 
Peaks become narrower and sharper, suggesting the increase in particle size and crystallinity..The average 
crystallitesize has been evaluated from the full width at half maximum of the reflection and using the Scherer’s 
formula equation 3,[8]. 

푛휆 = 2푑 sin 휃                                                                              (1) 
The lattice parameter ‘a’ was calculated using following relation 
푎 = 푑 × √ℎ + 푘 + 푙                                                                                                               (2) 

Scherer’s formula is          푡 = .                                                                                                     (3) 

where 푡is the crystallite size, 훽 is the full width of the diffraction line at half of the maximum intensitymeasured in 
radians, is x-ray wavelength (Cu kα radiation, 1.5405A ) and휃 is the Bragg angle.The crystallite sizes of the order of 
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nanometer dimensions were observed and are joinedin the Table1. The grain sizes increase at annealing temperature 
of 950 0Cdue to the domination of the activation energy through the grain growth process. 

Atomic Force Microscopy (AFM) results  
The atomic force microscopy of Cd0.9Ni 0.1Fe2O4ferrites thin films are shown in figures 2, 3 and 4.AFM images showed 
that all the films have grainy nature and this confirms with the results of Dixit et al. [9]. The grain size and surface 
roughness increases with the sintering temperatures elevated of the films. The grain size and roughness are listed in 
Table 2. 
 
Transmission Spectrum Results 
The optical transmissions of the (Cd0.9Ni 0.1Fe2O4) thin films as a function of wavelength in the range (300-1100 nm) are 
shown in Figure5. All samples showed transmission less than (20%) in the wavelength of 300nm and boost to reach to 
(70%) at (4500C) in the wavelength of1100nm. In general, it can be observed from Figure 5 that the transmittance 
decreases with increasing of sintering temperatures. 
 
Absorption Coefficient 
The variance of absorption coefficient with wavelength for (Cd0.9Ni 0.1Fe2O4) ferrite thin films which were calculated 
by using equation 4are shown in figure 6.It could be discovered that the absorption factor decreases with increasing 
of wave length due to increasesthe transmittance. The maximum value of absorption coefficient   at wavelength of 
335nmat UV region.The absorption coefficient begins reduced at the visible region unfaithfulwhich is value reach to 
37118cm-1 at 1100nmand temperature of 950. Generally, it can be discovered that the absorption ratio increases 
whensintering temperatures increasing. 
          α= 2.302Aʹ/t                                                                                              (4) 
Where (t) is the sample thickness. 
The extinction coefficient (k) is related to the exponential decay of the wave when it passes through the medium and 
it is defined as: 
            k=αλ/4π                                                                                                  (5) 
Where (λ) is the wavelength of the incident radiation. 
Figure7 shows the behavior of the extinction coefficient (k).Which were calculated by using equation (5). It is nearly 
similar to the corresponding absorption coefficient for (Cd0.9Ni0.1Fe2O4) ferrite thin films, which means that the 
extinction coefficient decreases with increasing of wavelength. The increasing in (k) values due to high absorption 
coefficient (i.e. increasing the density of localized state). In general, it may be observed that the extinction coefficient 
increases with increasing of sintering temperature. 
 
Dielectric Properties Results 
The imaginary and real parts of dielectric constant of the films were also determined by the equation (6, 7) [9]. The 
variation of real and imaginary part dielectric constant of all ferrite samples at different temperature with frequency 
is shown in figures 8 and 9and can be observed that the real and imaginary part dielectric constant of all trials 
decreases rapidly when the frequency increasing. The variant of dielectric constant with frequency shows the 
dispersion due to Maxwell - Wagner [10, 11] type of interfacial polarization in accordance with Koops 
phenomenological theory [12, 13]. Among the samples (Cd0.9Ni0.1Fe2O4) exhibits the lowest dielectric constant and 
lowest dielectric loss tangent. The reduction indielectric constant with accept frequency was due to the fact that 
polarization decreases with frequency and then remains constant. In accordance to Rabinkin and Novikova[14] the 
polarization mechanism is comparable to the conduction process. 
ε1= n2– k2                                                                                                                                                          (6) 
ε2= 2nk                                                                                                  (7) 
Where k=αλ/4π and n are refractive index  
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Refractive index  
The refractive index of the (Cd0.9Ni 0.1Fe2O4) thin films as a function of wavelength in the range of 300-1100 nm are 
shown in Figure10. It could be discovered that the refractive index increase with increasing the wave length but 
begin to reduce in the visible region. Generally, it can be discovered that the refractive index increases with 
increasing sintering temperatures. 
 
Optical Energy Gap 
The optical energy gap is determined from figure (11).  Which shows the variation of (αhυ) 2with photon energy (hυ) 
for direct allowed transition of (Cd 0.9Ni0.1Fe2O4) films with different sintering temperature.The curve in shape is 
extrapolated to the energy axis to give the value of optical energy band gap which lasted in table (3).It may see from 
this table when that sintering temperature increase the optical energy gap decrease from 2.9 to 2.6 eV. The decrease in 
the optical energy gap may be due to the modification of the ferrite structure. 
 
Optical Conductivity 

The variance of Optical Conductivity with wavelength for (Cd0.9Ni 0.1Fe2O4) ferrite thin films which were calculated 
by using equation (8) are shown in fig (12) [16]. 
σ αn c /4 π                                                                                          (8) 
Where c is speed of light. 
The high magnitude of the optical conductivity (1010 sec-1) confirms the very high imageresponse of the film. The 
increasing optic conductivity at high wave length is due to the high absorbance of Cd0.9Ni 0.1Fe2O4 thin film. 
 
EnergyUrbach 

The value of EU was obtained from the reverse of the slope of lnα with hυ as shown in figure (13). EU values change 
inversely with the optical band gap. The Urbach energy is increasing with increases sintering temperature. The arise 
in EU is caused by the increase of disorder of the materials occurred by doping. This kind of increase reason a 
redistribution of the states, from band to tail, thus allows for increased number of possible groups to tail and end to 
tail transitions [15]. As an end result, both a reduction in the optical gap and a broadening of the Urbach tailhave 
taken place. 
 

CONCLUSION 

Polycrystalline ferrites with composition (Cd0.9Ni0.1Fe2O4) have been successfully synthesized by sol gel method and 
it has spinel structure.The lattice parameter increases with increasing the cadmium content in ferrites.The variation of 
dielectric constant with frequency shows the usualdielectric dispersion in the low frequency region and almost 
remains regular in the high rate of recurrenceregion.Optical band gap decreases with the increasing of the sintering 
temperature from 2.9 to 2.6 eV. The Urbach energies (EU) values changes inversely with the optical band gap.The 
high extinction coefficient value (3*10-2) and the high magnitude of optical conductivity (1010 s -1) confirms the 
presence of very high photo response of the samples. 
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Table 1: X-ray diffraction pattern data for bulk (Cd0.9 Ni0.1Fe2O4) ferrites withdifferent sintering 
temperatures. 
 

T (⁰C) 2θ 
(Deg.) 

FWHM 
(Deg.) 

dhkl 
Exp.(Å) 

G.S 
(nm) 

hkl dhkl 
Std.(Å) 

Phase Card No. 

  30.1047 0.3455 2.9661 23.8 (202) 2.9556 NiFe2O4 96-230-0296 
  35.2037 0.8061 2.5473 10.3 (311) 2.5205 NiFe2O4 96-230-0296 

450 38.5905 0.5758 2.3312 14.6 (200) 2.3410 CdO 96-900-6675 
  44.8865 0.5758 2.0177 14.9 (111) 2.0201 Ni 96-901-1604 
           65.1481 0.6910 1.4307 13.6 (531) 1.4283 CdFe2O4 96-591-0006 

  30.1026 0.2576 2.9663 32.0 (202) 2.9556 NiFe2O4 96-230-0296 
  33.4371 0.5151 2.6777 16.1 (111) 2.7032 CdO 96-900-6675 

750 35.2016 0.6010 2.5474 13.9 (311) 2.5205 NiFe2O4 96-230-0296 
  38.5884 0.4293 2.3313 19.6 (200) 2.3410 CdO 96-900-6675 
  44.8844 0.4293 2.0178 20.0 (111) 2.0201 Ni 96-901-1604 
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  65.1460 0.5151 1.4308 18.3 (531) 1.4283 CdFe2O4 96-591-0006 
  30.1160 0.1717 2.9650 47.9 (202) 2.9556 NiFe2O4 96-230-0296 
  33.4505 0.3434 2.6767 24.2 (111) 2.7032 CdO 96-900-6675 
  35.2150 0.4007 2.5465 20.8 (311) 2.5205 NiFe2O4 96-230-0296 

950 38.6018 0.2862 2.3305 29.4 (200) 2.3410 CdO 96-900-6675 
  42.4939 0.1717 2.1256 49.7 (400) 2.0899 NiFe2O4 96-230-0296 
  44.8978 0.2862 2.0172 30.0 (111) 2.0201 Ni 96-901-1604 
  65.1594 0.3434 1.4305 27.5 (531) 1.4283 CdFe2O4 96-591-0006 

 
 

Table 2: Average grain size and average roughness for (Cd0.9Ni 0.1Fe2O4) ferrite thin films. 

T (⁰C ) Ave. grain size (nm) Ave. Roughness (nm) 
450 78.20 1.06 
 750 89.36 1.21 
 950 99.83 2.7 

 

Table 3: Energy gap values of (Cd 0.9Ni 0.1Fe2O4) at different sintering temperature.  

T(0C) Eg (eV) 
450 2.9 
750 2.8 
950 2.6 
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Fig. 1.X-ray diffraction pattern of a Cd0.9Ni0.1 Fe2O4 milled sample for 3 h at different temperatures 
(4500C, 7500C, 9500C). 
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            Figure2: AFM micrographs for the compositionCd0.9Ni 0.1Fe2O4 at 450 0C 
                             
 
 
 
 
 
 
 
 
 
 
 
 
 

         Figure3:.AFM micrographs for the compositionCd0.9Ni 0.1Fe2O4 at 7500C 
                             

                     

 

                   
 

 

 

 

 

                         Figure.4: AFM micrographs for the compositionCd0.9Ni 0.1Fe2O4 at 9500C 
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Fig .5. Transmittance versus wavelength for                     Fig .6. Absorption coefficient (α cm-1)                                                                   
(Cd0.9Ni0.1Fe2O4) with different sintering                            versus wavelength for (Cd0.9Ni 0.1Fe2O4)  
 temperature                                                                              with different sintering temperature 
 

 
 
Fig .7. Extinction coefficient (k) versus wavelength       Fig .8. Real part ( 1) of dielectric constant                                   
for (Cd0.9Ni 0.1Fe2O4) with different sintering                   versus frequency for (Cd0.9Ni 0.1Fe2O4) 
temperature                                                                             with different sintering temperature                                                                          
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Fig .9. Changes of imaginary part ( 2) of dielectric       Fig .10. The refractive index versus   
constant versus frequency for (Cd0.9Ni 0.1Fe2O4)        wavelength for (Cd0.9Ni 0.1Fe2O4) with  
with different sintering temperature                                 different sintering temperature       
                                                                                   
 

         
 

Fig .11. Energy band gap at R.T for                                 Fig .12.The optical conductivity versus    
(Cd0.9Ni0.1Fe2O4) films with different                              wavelength for (Cd0.9Ni0.1Fe2O4)   
temperature                                                                          with different sintering 
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Fig (13) The Urbach energy plots for (Cd0.9Ni0.1Fe2O4) filmswith different sintering temperature. 
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The objective of the present study was to compare the sensory scores of yoghurt prepared by 
incorporating flaxseed oil and flaxseed oil emulsion in different varieties of milk. The results indicate that 
the incorporation of flaxseed oil had marginal effect on the colour and appearance of yoghurt. The mean 
scores indicated that the use of Toned milk(TM) for yoghurt preparation gave better body & texture 
compared to Double Toned milk (DTM) and Standardized milk (STM) while significant differences 
between control and experimental yoghurt with 2% flaxseed oil were observed. The overall acceptability 
scores also showed that the use of Toned Milk was more suitable for yoghurt preparation with 
incorporation of flaxseed oil. The results indicate that the variation in quality of milk and incorporation of 
flaxseed oil up to 2% had marginal effect on the flavour and overall acceptability of the product. The 
addition of the emulsion imparted yellow colour to the milk and the score reduced with increased 
incorporation of the emulsion. Though the emulsion had very bland flavour, the addition of the emulsion 
had imparted some external flavour similar to emulsifiers. The variation in milk quality had difference in 
flavour as indicated by the scores offered by the judges. The overall acceptability scores showed the 
similar trend of acceptability to those of flavour by judges and statistical analysis. The effect of type of 
milk and flaxseed oil emulsion incorporation was found to be significant at P≤0.05 for flavour and over all 
acceptability. 
 
Keywords: Flaxseed oil ,Flaxseed oil emulsion, Double Toned milk, Standardized milk, Yoghurt. 
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INTRODUCTION 
 
There is a demand for food and beverages with health benefits and consumers are making a conscious attempt to 
include them in their diet. Many health conscious individuals incorporate functional foods and beverages into their 
daily lives, with the hopes of maintaining or enhancing quality of life. As the costs of health care and prescription 
drugs increase, a growing trend towards self-medication with natural food-based ingredients occurs. The idea of the 
incorporation of flaxseed in a milk base can provide a combination of benefits of the both the milk and flaxseed. 
Yoghurt is a valuable health food for both children and elderly persons. The Fat and SNF contributes to enhancement 
in taste of the yoghurt with improved consistency and viscosity with reduced syneresis. It improves the flavour, 
rheological properties and over all acceptability of yoghurt (Guirguis et al., 1984). The loss of taste in yoghurt samples 
may be due to development of acidity, oxidation of fat or proteolysis of proteins. Spoilage of cultured dairy products 
is primarily caused by excessive fermentation, enzymatic breakdown or contamination with undesirable 
microorganisms. Present study was conducted with a systematic approach to supplement the functional yoghurt 
with flaxseed oil and flaxseed oil emulsion. Result obtained during trials were presented and discussed in this paper.   
 

MATERIALS AND METHODS 
 
The cow milk was received from the experimental dairy of National Dairy Research Institute, Bangalore and was 
standardized to 1.5, 3, 4.5 % Fat and SNF content 10% was maintained in all the milk samples. Flaxseed oil emulsion 
obtained from Alphalite Fortifier Ensign Diets Care Pvt Ltd, Pune was used in the experimental trials.  Flaxseed oil, 
marketed by HEALTH 1st-PranoFlax (India) Pvt Ltd, Jaipur was used for the yoghurt preparation. Yoghurt cultures 
maintained in the Dairy Bacteriology section of the National Dairy Research Institute, Bangalore were used in the 
preparation of yoghurt. The cultures were subcultured one day before their use in the experiments. 
 
Preparation of Yoghurt 
The pure flaxseed oil/emulsion was incorporated into milk at 0%, 1% ,2 % and 0%, 2.5%, 5% 7.5% respectively.The 
mixture of milk and the oil/emulsion was homogenized at around 600C before heating the milk to final heat 
treatment. Sugar was used at 8% levels for preparation of the all experimental yoghurt and control yoghurt. The 
sugar was added to milk prior to final heat treatment to eliminate the osmophilic yeasts coming from sugar, then the 
yoghurt was prepared as per the procedure described by Tamime and Deeth (1980) with slight modifications. The 
sensory evaluation of the experimental yoghurt samples were carried out with the help of 9 point hedonic scale 
(Shone et al., 1977). 
 
Statistical Analysis  
Sensory scores obtained during trials, were statistically analysed by Two way Anova using statistical software SPSS 
15.0 for Windows Evaluation Version. 
 

RESULTS AND DISCUSSION 
 
Sensory scores of yoghurt prepared by incorporating flaxseed oil in different Varieties of milk 
Sensory scores of yoghurt prepared by incorporating flaxseed oil and flaxseed oil emulsion in different Varieties of 
milk and the results are presented in the Table 1&2 and Table 3&4. Attempts were made to incorporate flaxseed oil at 
1 and 2% levels in DTM, TM and STM to study the effect of milk quality variation on the colour & appearance and 
body & texture scores of yoghurt prepared with incorporation of flaxseed oil, and the results are presented in Table 1.   
The milk was homogenised after addition of flaxseed oil to incorporate the oil in to the milk, before it was used for 
yoghurt preparation. The results indicate that the incorporation of flaxseed oil had marginal effect on the colour and 
appearance of yoghurt. The scores for control yoghurt prepared by using DTM, TM and STM were 7.89, 7.95 and 8.00 
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respectively. The pleasant yellow colour resulted in increased scores with increased fat content in the milk used for 
the yoghurt preparation. The corresponding scores for 1% flaxseed oil incorporated yoghurt slightly reduced to 7.85, 
7.83 and 7.70 due to increased yellow colour contributed by the flaxseed oil. The natural colour of flaxseed oil was 
yellow. The intensity of the oil also increased with increased milk fat and flaxseed oil incorporation.The milk used for 
the studies was cow’s milk whose milk fat was yellow, also contributed to the colour of milk (Fox et al., 2006). The 
flaxseed oil enhanced the yellow colour perception in the yoghurt beyond the acceptance level and resulted in 
reduced colour and appearance scores in yoghurt with STM. The results correlated with the findings of Lim et al., 
(2010) who reported that the intensity of yellow colour of ice cream positively correlated to amount of flaxseed oil 
substitution.  
 
The body and texture scores presented in the same Table indicate that the incorporation of flaxseed oil had no 
significant perception on the body and texture of the final product. The control yoghurt prepared by using DTM, TM, 
and STM recorded the body and texture score of 7.83, 7.88 and 7.90 respectively. The scores marginally reduced  to 
7.70, 7.90 and 7.79 respectively for the yoghurt prepared by incorporating 1% flaxseed oil in DTM, TM and STM 
respectively and the corresponding values for 2% oil incorporated yoghurt were 7.66, 7.85 and 7.71. The mean scores 
increased from 7.73 for DTM yoghurt to 7.88 for TM yoghurt and the score reduced to 7.80 for yoghurt made from 
STM. This could be due to the fact that the yoghurt with STM had a total fat of 5.5% i.e, 4.5% of milk fat and 1% 
flaxseed oil, and the higher fat content in milk made the product softer compared to the yoghurt made by using TM 
or DTM. The effect of type of milk and flaxseed oil incorporation was found to be significant at P≤0.05.The mean 
scores indicated that the use of TM for yoghurt preparation gave better body & texture compared to DTM and STM, 
while significant differences between control and experimental yoghurt with 2% flaxseed oil were observed. The 
results correlated with the findings of Goh et al., (2006) found that higher the proportion of flaxseed oil used to 
replace dairy fat, the lower would be the firmness of ice cream. 
 
The flavour scores presented in Table 2 shows that the control yoghurt made from DTM scored a score of 7.83 
compared to 7.95 for the TM yoghurt, 8.00 for STM yoghurt. The gradual increase in the score could be due to the rich 
flavour imparted by the milk fat. The incorporation of flaxseed oil marginally reduced the flavour scores compared to 
that of control yoghurt samples. The flavour score for 1% flaxseed oil incorporated yoghurt made from DTM was 7.75 
and score marginally increased to 7.87 for yoghurt made from TM. The score reduced to 7.80 for the yoghurt made 
from STM.The scores for 2% flaxseed oil incorporated yoghurt made from DTM, TM and STM were 7.60, 7.77 and 
7.65 respectively. The reduction in the scores for yoghurt with increased flaxseed oil in STM could be due to 
increased fat level in the milk by way of incorporation of flaxseed oil which has masked the delicate milk fat flavour 
in the yoghurt. The two way Anova analysis of the flavour scores indicate that the use of TM along with flaxseed oil 
was better compared to use of DTM or STM.  
 
 The overall acceptability scores also showed that the use of TM was more suitable for yoghurt preparation with 
incorporation of flaxseed oil. The results indicate that the variation in quality of milk and incorporation of flaxseed oil 
up to 2% had marginal effect on the flavour and overall acceptability of the product. The effect of type of milk and 
flaxseed oil incorporation was found to be significant at P≤0.05 for flavour and overall acceptability).Though the 
mean shows significant difference between the control and experimental yoghurt samples with flaxseed oil, judges 
liked the yoghurt made from TM with 2% oil with marginally reduced score, and was acceptable when compared to 
control yoghurt.Effect of milk variation on sensory quality of flaxseed oil emulsion incorporated   yoghurt. The 
flaxseed emulsion supplied by Alphalite Fortifier Ensign Diets Care Pvt Ltd, Pune was used in place of flaxseed oil 
and flaxseed flour for preparation of yoghurt and analysed for sensory parameters. The colour & appearance and 
body & texture scores are presented in Table 3. The flaxseed oil emulsion was slightly yellowish paste like 
homogeneous substance with flat flavour.  The addition of the emulsion imparted yellow colour to the milk and the 
score reduced with increased incorporation of the emulsion.  
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The colour and appearance for the control yoghurt prepared by using DTM, TM and STM scored 7.83, 7.88 and 7.90 
respectively. The corresponding values for the yoghurt prepared by addition of 2.5% flaxseed emulsion were 7.88, 
7.81 and 7.77. The scores reduced with increased level of the emulsion incorporation.  The addition of 7.5% emulsion 
drastically reduced the score to 7.23, 7.17 and 7.13 for the yogurt prepared by using DTM, TM and STM. But 
statistical analysis showed significant difference between DTM and STM yoghurt, while no significant difference was 
observed between DTM and TM yoghurt samples.The body and texture scores for control yoghurt prepared by using 
DTM, TM and STM were 7.81, 7.91 and 8.00 respectively. The scores reduced with incorporation of the emulsion. As 
per the manufacturer’s declaration, the emulsion contains alpha linolenic acid, emulsifiers and other ingredients. The 
presence of emulsifiers and other components of the emulsion presumably/might have resulted in increase the 
stickiness of yoghurt which has resulted in reduced score.  
 
The effect of type of milk and flaxseed oil emulsion incorporation was found to be significant at P≤0.05 for colour and 
appearance and body and texture. The addition of 7.5% emulsion drastically reduced the scored to 7.00, 7.22 and 6.70 
for the yoghurt prepared by using DTM, TM and STM.  Further statistical mean score of body and texture showed 
significant difference between DTM, TM and STM yoghurt.The results presented in Table 4 shows that the average 
flavour scores indicated by the judges were marginally varied and all the samples were accepted. The control 
yoghurt scored an average score of 8.09 while the flavour scores for experimental yoghurt with varied level of the 
emulsion varied between 7.92 and 7.28. However the flavour of the yoghurt prepared by incorporating 7.5% 
emulsion was very less compared to control and other experimental yoghurt samples.The mean score showed 
significant variation between control and experimental yoghurt and also within the experimental samples. Though 
the emulsion had very bland flavour, the addition of the emulsion had imparted some external flavour similar to 
emulsifiers.  
 
The variation in milk quality had difference in flavour as indicated by the scores offered by the judges. But the mean 
scores indicate in TM yoghurt which scored 7.91 compared to 7.70 for yoghurt prepared from DTM and 7.60 for STM 
yoghurt.  However, the yoghurts prepared by all the three variants of milk were accepted by the judges.  The overall 
acceptability scores showed the similar trend of acceptability to those of flavour by judges and statistical analysis. 
The effect of type of milk and flaxseed oil emulsion incorporation was found to be significant at P≤0.05 for flavour 
and over all acceptability.The flaxseed emulsion was made up of alpha linolenic acid, emulsifiers and other materials. 
As per the manufacturer’s declaration, every 5 g of emulsion provides 750mg of alpha linolenic acid.  In order to 
obtain 750 mg of alpha linolenic acid, 4.250 g of other components also to be consumed along with the yoghurt. 
Keeping in consideration of cost of flaxseed oil emulsion and easy availability of raw materials flaxseed oil, further 
trials on use of flaxseed emulsion in preparation not yoghurt was not taken up. Further trials were carried out with 
incorporation of flaxseed oil (in combination) to obtain desirable yoghurt. 
 
CONCLUSION   

The effect of type of milk and flaxseed oil incorporation was found to be significant (P≤0.05) for flavour and overall 
acceptability. The two way Anova analysis of the flavour scores indicate that the use of TM along with flaxseed oil 
was better compared to use of DTM or STM. The scores reduced with incorporation of the emulsion. The effect of 
type of milk and flaxseed oil emulsion incorporation was found to be significant at P≤0.05 for flavour and over all 
acceptability. 
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Table 1: Colour and appearance and body and texture of yoghurt prepared by incorporating flaxseed 
oil in different varieties of milk 
 

 
DTM - Fat 1.5%, SNF 10%, TM - Fat 3.0 %, SNF 10% STM -Fat 4.5%, SNF 10%   Mean values with different Superscript 
abc in a row/column differ significantly. (P≤0.05) Sugar level 8%    *Statistical Mean 
 
Table 2: Flavour and Over all acceptability of yoghurt prepared by incorporating flaxseed oil in 
different varieties of milk 

 
DTM - Fat 1.5%, SNF 10%, TM - Fat 3.0 %, SNF 10% STM -Fat 4.5%, SNF 10%   Mean values with different Superscript 
abc in a row/column differ significantly. (P≤0.05) Sugar level 8%    *Statistical Mean 

Flaxseed 
oil (%) 

Flavour Over all  Acceptability 

Milk Milk 

DTM TM STM AVG* DTM TM STM AVG* 

0(control) 7.83 7.95 8.00 7.93a 7.83 7.96 8.00 7.93 a 

1 7.75 7.87 7.80 7.81ab 7.73 7.92 7.80 7.81 ab 

2 7.60 7.77 7.65 7.68b 7.69 7.89 7.75 7.78 b 

AVG* 7.73 a 7.86 a 7.81 b  7.75 c 7.93 a 7.84 b  

Flaxseed 
oil (%) 

Colour and Appearance Body and Texture 

Milk Milk 

DTM TM STM AVG* DTM TM STM AVG* 

0(control) 7.89 7.95 8.00 7.95a 7.83 7.88 7.90 7.87 a 

1 7.85 7.83 7.70 7.79ab 7.70 7.90 7.79 7.80 ab 

2 7.77 7.70 7.60 7.69b 7.66 7.85 7.71 7.74 b 

AVG* 7.84 a 7.83 a 7.77 b  7.73 c 7.88 a 7.80 b  
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Table 3: Colour and appearance and body and texture of yoghurt prepared by incorporating flaxseed 
oil emulsion in different varieties of milk 
 

 
DTM - Fat 1.5%, SNF 10%, TM - Fat 3.0 %, SNF 10% STM -Fat 4.5%, SNF 10%   Mean values with different Superscript 
abc in a row/column differ significantly. (P≤0.05)   Sugar level 8%       *Statistical Mean 
 
 
Table 4: Flavour and Over all acceptability of yoghurt prepared by incorporating flaxseed oil emulsion 
in different varieties of milk 
 

 
Mean values with different Superscript abc in a row/column differ significantly. (P≤0.05)  DTM - Fat 1.5%, SNF 10%, 
TM - Fat 3.0 %, SNF 10% STM -Fat 4.5%, SNF 10%    Sugar level 8%      *Statistical Mean 
 
 
 

 

Flaxseed 
oil 

emulsion 
(%) 

Colour and Appearance Body and Texture 

Milk Milk 

DTM TM STM AVG* DTM TM STM AVG* 

0(control) 7.83 7.88 7.90 7.87a 7.81 7.91 8.00 7.91 a 

2.5 7.88 7.81 7.77 7.82b 7.75 7.85 7.70 7.77 b 

5 7.64 7.58 7.54 7.59c 7.53 7.63 7.33 7.50 c 

7.5 7.23 7.17 7.13 7.18 d 7.00 7.22 6.70 6.97d 

AVG* 7.65 a 7.61 ab 7.57 b  7.52b 7.65a 7.43c  

Flaxseed 
oil (%) 

Flavour Over all  Acceptability 

Milk Milk 

DTM TM STM AVG DTM TM STM AVG 

0(control) 8.03 8.11 8.14 8.09a 8.00 8.05 8.11 8.05 a 

2.5 7.90 8.01 7.85 7.92b 7.89 8.00 7.80 7.90 b 

5 7.67 7.88 7.40 7.65c 7.65 7.80 7.50 7.65 c 

7.5 7.20 7.63 7.01 7.28 d 7.00 7.60 6.80 7.13d 

AVG* 7.70 b 7.91 a 7.60 c  7.64b 7.86a 7.55c  
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Spray Pyrolysis of ZnO:SnO2 thin films with different percentage (1:1,1:2,2:1) were deposited on a glass 
substrate at 400 °C temperature using solution of zinc acetate ,tin chloride and air as the carrier gas . The 
electrical measurements of pure and different ZnO:SnO2 percentages (1:2,1:1and 2:1) films will be 
presented. These properties include the Hall effect which gives information about the type of 
conductivity and mobility of carriers, and also the d.c conductivity from which the transport mechanism 
of the charge carriers can be estimated. The prepared optimum condition of gas sensing measurements 
include determination of operation temperature of the sensor, gas sensing mechanism of pure and 
composition SnO2:ZnO thin films ,response time and recovery time. 
 
Keywords :  Metal-oxides , Dopant  elements, Spray pyrolysis ,Gas sensing 
 
 
INTRODUCTION 

Zinc stannite or zinc tin oxide (ZTO) is a class of ternary oxides that are known for their stable properties under 
extreme conditions, higher electron mobility compared to its binary counterparts and other interesting properties. 
These materials is thus ideal for applications from, gas detector, solar cells photocatalysts, light-emitting diodes, field 
effect transistors and heterojunction and homojunction diodes [1-5]. Among the various TCO’s such as ZnO, In2O3, 
CdO, TiO2 and SnO2[6], SnO2  and ZnO is the most promising candidate for the development of transparent 
conductive material. ZnO in view of its high transmission over a wide spectral range including the useful UV-vis 
region and other interesting characteristics such as low toxicity, relatively low cost, and stability in reductive 
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chemical environments. SnO2 is an rutile tetragonal structure with wide band gap of 3.6 eV. Its high optical 
transparency and electrical conductivity leads to very appealing applications in spintronics device.ZnO and SnO2 

belong to the important family of semiconductor metal oxides that combines high electrical conductivity with optical 
transparency and thus constitutes an important component for optoelectronic applications [7]. Semiconductor metal 
oxide gas sensors have generated wide interest because of their various advantages, such as their small dimensions, 
low cost, fast response, and stable sensors in industry, environmental monitoring and biomedicine [8] . Common 
toxic and flammable gases which are measured by gas sensors include (NOx, NH3, O3, CO, CH4, H2, SO2, etc.) [9]. 
    
The sensitivity depends on many factors including the background gas composition, relative humidity level, sensor 
temperature, oxide microstructure, film thickness and gas exposure time [10]. Doping has long been used as a 
traditional mean to obtain new semiconductor metal oxide gas sensors that exhibit gas-sensing properties 
differentiated from the original ones.In the present work, ZnO:SnO2 thin films were prepared using Spray Pyrolysis 
method. The influence of ZnO:SnO2 content level on electrical and gas sensing  in the composite had been studied. 

 
MATERIALS AND METHODS 

The spraying apparatus was manufactured locally in the department  laboratories.In this technique, the prepared 
aqueous solutions (tin Chloride SnCl2.2H2O  and zinc acetate  Zn(CH3COO)2.2H2O with purities 99.9% and 
concentration of  0.1M  at (0,1:1,1:2,2:1,0) % ratios ( by dissolving in distilled water and stirred with a magnetic stirrer 
for 15 minute)were atomized by a special nozzle glass sprayer at heated collector glass fixed at thermostatic 
controlled hot plate heater.Air was used as a carrier gas to atomize the spray solution with the help of an air 
compressor with pressure (7 Bar) air flow rate (8 cm3/sec) at room temperature.The glass substrate was maintained at 
400 oC during spraying , distance between the collector and spray nozzle was kept at (30 ±1 cm), number of spraying 
(100)  and time between two spraying (10 sec). Coating thickness was about 1μm tested by optical microscopy. The 10 
– finger interdigitated electrode IDE metal mask which were utilized in this workis shown in figure 1.Interdigitated 
aluminum ohmic metal contacts were deposited on the thin films by using vacuum evaporation technique (Edward 
type E306A).A schematic cross sectional view of the gas sensor testing system is illustrated in Figure 2.  
 
The unit consists of a vacuum tight stainless steel cylindrical test chamber of diameter 163 mm and of height 200 mm 
with a removable bottom base made removable and O- ring sealed. It has an inlet for allowing the test gas to flow in 
and an air admittance valve to allow atmospheric air in after evacuation. Another third port is provided for vacuum 
gauge connection. A multi – pin feed through at the base of the chamber allows for electrical connections to the 
heater assembly as well as to the sensor electrodes via spring loaded pins. The k – type thermo-couple senses of 
temperature at surface of the film exposed to the analyte gas. A PC – interface multi-meter, (type UNI-T UT81B) is 
used to register the variation of the sensor conductance exposed to predetermined air mixing ratio.  The  chamber  
can  be  evacuated  using  a  rotary  pump  to  a vacuum of  1 ×  10−3 bar . A gas mixing manifold is incorporated to 
control the mixing ratios of the test and carrier gases prior to being injected into the test chamber. The mixing gas 
manifold is fed by zero air and test gas through a flow meter and needle valve arrangement.  
The sensitivity ( S) is shown in equation [11]: 

푆 = │
푅 − 푅

푅 │ × 100% 

where  R  is  the  electrical  resistance  and  the  subscript  “air”  indicates  that  background  is  the  initial  dry  air 
state  and  the  subscript  “gas”  indicates  the  analyte  gas  has  been introduced. 
The  response  time  (τres)  of  a  gas  sensor  is  defined  as  the  time  it takes the  sensor to reach 90% of 
maximum/minimum value of conductance upon the introduction of the reducing/oxidizing gas. Similarly, the 
recovery  time  (τrec)  is  defined  as  the  time  required  to recover  to  within 10% of the original baseline when the 
flow of reducing or oxidizing gas is  removed [12].  
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RESULTS AND DISCUSSION 

Electrical measurement  
The plot of lnσ against 10 3/ T (the variation of conductivity in thermal range 283 – 473K) for the as deposited films 
were presented in figure 3.The figure showed in general two mechanisms from which the activation energies Ea1 and 
Ea2 have been calculated. The values of Ea1 and Ea2 and dc conductivity at room temperature were tabulated in Table 
1. The data showed that the dc conductivity decrease as of SnO2 percentage increases.Also it shows that the activation 
energy varies as the composition percentage increased. It should be noticed that the increases in conductivity 
accompanied by significant decrease in the thermal activation energy [13]. These value changed from(0.123 to 0.019 
eV) for Ea1 while for Ea2 their magnitude changed from (0.44eV to 0.234 eV)  The value of Ea1 is always less than the 
value of Ea2 which is in good agreement with the result obtained by [13,14] . The observed electrical conductivity at 
low temperature is explained based on hopping conduction mechanism (all the trap states are filled conduction occur 
through the variable range hopping of the electrons in localized states).Such change in the magnitude of the 
activation energy may attributed to the difference in the energy gap as the percentage of composition increased,and 
due to the change in conductivity . 
 
The Hall measurements showed that the pure and composition ZnO:SnO2  films which are deposited on glass 
substrate at temperature 400 º C for different ZnO:SnO2 percentages (1:2,1:1and 2:1) are  n- type semiconductors. This 
result is agree withseveral authors (Proceketal, 2014[13] ,Rahmani etal,2009[14] and Pustelny etal,2012[15].  The Hall 
parameters for the n- type films which include Hall coefficient RH, carrier concentration nH, and mobility μH  are 
shown in Table 2.The data show decreased carrier concentration and mobility μH of the ZnO:SnO2  films by 
increasing SnO2 percentage in compositions. Thus, the conductivity decreases with increasing SnO2 percentage in 
composition [16] and can be understood in terms of the position of SnO2 in the ZnO lattice. A decrease in μHat 
composition may be due to the interstitial occupancy of SnO2 in the ZnO lattice. The presence of SnO2 at interstitial 
sites and grain boundaries in the form of oxide, besides decreasing grain size, may act as scattering centers and result 
in a decrease in the observed mobility at composition. From this result, one may conclude that adding an  amount of 
SnO2 in ZnO material enhances the conductivity of the SnO2 because the conductivity of the SnO2 is higher than ZnO. 
  
Gas Sensing Measurement 
The gas sensitivity tests were performed 3 % NO2 air mixing ratio and the bais voltage 6 voltage was applied for all 
samples. 
 
Sensing characteristics of   SnO2 and ZnO thin film towards NO2 gas 
Figure 4 and figure 5 show the Conductance-time variation of the pure SnO2 and ZnO thin film sensor at  50, 100, 
150,200, 250,300, 350and 400 oC testing temperatures upon exposure to 3% NO2:air gas mixing ratio. As it is apparent 
from the two Figures, the resistance increase linearly with increasing temperature for the range RT to 400  C after 
which it began to drop with increasing temperature. It is well known that NO2 gas is a Oxidative gas and ZnO and 
SnO2 is a n-type semiconductor (electrons are the main charge carrier). When the sample of ZnO and SnO2 is exposed 
to No2 gas, electrons are transferred from ZnO and SnO2 to NO2.  ZnO and SnO2 molecules donate electrons to the 
valence band of the NO2, thus decreasing the number of electrons. This forms a space charge region at the surface of 
the semiconducting ZnO and SnO2 resulting in an increase of the electrical resistance [17]. 
 
Sensing characteristics of  ZnO:SnO2 thin films for different percentages  
Figures6-8 shows the Conductance-time variation of  ZnO:SnO2 composition films sensor at  50, 100, 150,200, 250,300, 
350and 400 oC testing temperatures upon exposure to 3% NO2:air gas mixing ratio for different ratio composition . 
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It is apparent from these Figures, the resistance and sensor sensitivity to NO2 gas increase linearly with increasing 
temperature for the range R.T. to 400 oC. After which it began to drop with increasing temperature. The optimum 
operating temperature for the ZnO:SnO2 thin films NO2 gas sensor was found to be around 400 C.  
 
Determination of Operation Temperature of the Sensor 
Figure 9 Show the responsivity as a function of operation temperature (is defined as the temperature when the sensor 
resistance reaches a constant value) at different time for pure ZnO films under 42 ppm NO2 concentration. The 
changing of resistance is just only influenced by the presence of the amount of some interacted  gases [18,19].The 
variation of the responsivity  with operation temperature showing a typical negative temperature coefficient of 
resistance (NTCR) due to the thermal excitation of the charge carriers in semiconductor.The variation of the 
responsivity  with operation temperature show that 200oC is the best temperature of responsivity of gas. Figure  10 
Show the responsivity as a functions of operation temperature at different time for pure SnO2 films under 42 ppm 
NO2 concentration. The variation of the responsivity with operation temperature show that 250oC is the best 
temperature of responsivity of gas. 
 
Figure 11 Show the responsivity as a functions of operation temperature at different time for ZnO:SnO2 with 1:2 
composition films under 42 ppm NO2 concentration.The variation of the responsivity with operation temperature 
increases as the temperature increases from room temperature to 250oC. Over 250oC , sensor responsivity decreases 
with the increasing temperature , The gas sensor has an the operation temperature at 260oC .Figure 12 show the 
variation of the responsivity of the tested films at 40 mA forZnO:SnO2 with 1:1 composition films. The films 
responsitivity increases as the temperature increases from RT to 100oC and it is showing a typical negative 
temperature coefficient of resistance (NTCR) due to the thermal excitation of the charge carriers in semiconductor. 
When the temperature exceeds  100oC ,  the sensor  film  sensitivity is slowly decreased which led to  positive  
temperature  coefficient  of  resistance (PTCR)  , this can attributed to the saturation of the conduction band with 
electrons evaluate from shallow donor levels that caused by oxygen vacancies. At this point an increase in 
temperature leads to a decrease in the electron mobility and as subsequent an increase in the resistance. The peak 
responsivity may be attributed to the optimum surface roughness, porosity, large surface area and large rate of 
oxidation..The gas sensor has an the operation temperature at 100 oC . 
 
Figure 13 show the responsitivity as a function of operating temperature of ZnO:SnO2 with 2:1 for different etching 
time on glass for NO2 gas.The films responsitivity decreases as the temperature increases from RT to 100oC and  when 
the temperature exceeds  100oC ,  the sensor  film  reponsitivity is slowly increased, , this can attributed to the 
saturation of the conduction band with electrons evaluate from shallow donor levels that caused by oxygen 
vacancies. The gas sensor has an the operation temperature at 300 oC .  
 
Response Time and Recovery Time: 
Figure 14 show the response \recovery and recovery time as a function of operation temperature for pure ZnO, the 
reveals that the decrease of response \recovery time with increasing of operation temperature. The figure show that 
the (10 min) etching time sample exhibits a fast response speed of (29.82s) and recovery time (10.72s) at 200oC  
operation temperature. This revealed that a (10min) etching time is the best one to achieve fast response 
sensor.Figure 15 shows the relation between the response time and the Recovery time as a function of operation 
temperature of  pure SnO2.The figure show that the (10min) etching time sample exhibits a fast response speed 
(25.964s) and recovery time (26.315s) at 250oC operation temperature, the reveals that the decrease of response 
\recovery time with increasing of operation temperature.Figure 16 show the relation between the response time and 
the Recovery time as a function of operation temperature of the ZnO:SnO2 with 1:2.  
 
The figure shows that the (10min) etching time sample exhibits a fast response speed (25.155s) and recovery time 
(11.956s) at 250oC operation temperature. This figure shows that the decrease of response and recovery time with 
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increasing operation temperature.Figure 17 show the relation between the response time and recovery time of 
ZnO:SnO2 with 1:1.The figure show that the fast response (28.88s) and recovery time (72.90s). This revealed that 
quick response sensor may be found enough amount of gas for reaction. This can be attributed to faster oxidation of 
gas which particular reduces the work function and the activation energy of surface reaction, may be associated with 
an increase in oxygen vacancies created upon ZnO:SnO2 lattice. In real situations a fast response time is usually 
required, but a fast recovery time is not so important, and recovery time decreases above optimal time with increases 
temperature.Figure 18 shows the relation between the response time and the Recovery time as a function of operation 
temperature of ZnO:SnO2 with 2:1.The figure show that the (10min) etching time sample exhibits a fast response 
speed (53.282s) and recovery time (16.335s) at 300oC operation temperature.In general the response time decreased 
when increased the ZnO percentage in composition. 
  

CONCLUSION 

ZnO/ SnO2 composite films have been obtained on glass substrates by  Spray Pyrolysis under a substrate temperature 
of 400∘C. The physical properties of these films have been studied in detail as a function of different content. All 
prepared films had two activation energies (Ea1 and Ea2) .Gas sensor measurement of pure ZnO and doped  have high 
resistivity for NO2 . In general the response time decreased when increased the ZnO percentage in composition and 
decrease in response and recovery time with increasing operation temperature. 
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Table 1: Ea1 and Ea2 and dc conductivity for all samples under investigations. 
 

Sample   Percentages Ea1 (eV) Range 
(K) 

Ea2 (eV) Range 
(K) 

σRT 

(Ω.cm)-1 
SnO2 pure 0.123 283-363 0.440 363-473 0.336 x10-4 
ZnO pure 0.264 283-363 0.486 363-473 4.10x10-4 

SnO2:ZnO 1:1 0.131 283-363 0.206 363-473 0.725x10-4 
SnO2:ZnO 1:2 0.031 283-363 0.374 363-473 2.23x10-4 

SnO2:ZnO 2:1 0.019 283-363 0.234 363-473 0.25x10-4 
 
Table 2: Hall coefficient RH, carrier concentration nH, and mobility μH  . 

     Sample Percentage RH  (cm2/C) x103 nH (cm-3) x1015 μH (cm2/v.sec) 

ZnO pure              -3.201  1.950 77.78 

SnO2 pure -1.720 3.629 287.4 

SnO2:ZnO 1:2 -0.5455 11.44 2.425x10-5 

SnO2:ZnO 1:1 -2888 0.002161 29.97 

SnO2:ZnO 2:1 -2.287 2.729 89.02 
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                      Figure 1: A schematic diagram of the IDE mask utilized in this work. 

 

 

 

 

 
 
 
 
 
 
                                                    

 

 

 
Figure 2: Gas sensor testing system. 
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Figure 3:Lnσ against 10 3/ T for pure and composition       Figure 4: NO2 gas sensing behavior of      
ZnO:SnO2 thin films with different percentage.                  the pure SnO2 thin film at    different                 
                                                                                                        temperatures. 
 

 

 
 

Figure 5: NO2 gas sensing behavior of the pure               Figure  6: NO2 gas sensing behavior of the                  
ZnO thin film at    different temperatures.                        ZnO:SnO2 composition thin film with           
                                                                                                    1:2 at different temperatures 
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Figure 7: NO2 gas sensing behavior of the                        Figure 8: NO2 gas sensing behavior of the 
ZnO:SnO2 composition thin film with 1:1 at                    ZnO:SnO2 composition thin film with 2:1 at 
different temperatures.                                                          different temperatures 
 
 

 
 
Figure 9: Variation of responsivity with                           Figure 10: Variation of responsivity with  
the operating temperature of pure ZnO                            the operating temperature of pure SnO2 
for different etching time.                                                    for different etching time. 
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Figure 11:  Variation of responsivity with the               Figure 12: Variation of responsivity with the 
operatingtemperature of ZnO:SnO2 with 1:2                 operating temperature of ZnO:SnO2 with 1:1  
composition for different etching time.                          composition for different etching time . 
 

 
 

Figure 13: Variation of responsivity with the               Figure 14: The variation of Response time and  
operating temperature of ZnO:SnO2 with 2:1               Recovery time with operating temperature  
composition for different etching time                          of pure ZnO for NO2 gas  
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Figure 15: variation of Response time and Recovery       Figure 16: variation of Response time and  
time with operating temperature of pure SnO2                 Recovery time with operating temperature  
for NO2 gas.   of ZnO:SnO2 with 1:2 for NO2 gas  
 
 

 
 
Figure 17: The variation of Response time and                Figure 18:  Variation of Response time and  
Recovery time with operating temperature of                  Recovery time with operating temperature of 
ZnO:SnO2 with 1:1 for NO2 gas.                                          ZnO:SnO2 with 2:1 for NO2 gas  
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PVA:PEG/MnCl2Composites have been prepared by adding (MnCl2) to the mixture of  the poly vinyl 
alcohol(PVA) and poly ethyleneglycol(PEG) with different weightpercentages (0,2,4,6,8 and 10)wt.% by 
using casting method.The type of charge carriers, concentration (nH)and Hall mobility (µH) have been 
estimated from Hall measurements and show that the films of all concentration have a negative Hall 
coefficient .  In D.C measurement increase temperature leads to decrease the electrical resistance.The D.C 
conductivity for the composites increases with the increasing of the concentration of additive particles 
and temperature.The activation energy decreases for all composites with increasing the concentration of  
the additive particles. The A.C conductivity increases with increasing ofthe frequency and the 
concentration of MnCl2 particles. The A.C electrical properties show that the dielectric constant and 
dielectric loss of thecomposites decrease with increasing of the frequency.  
 
Keywords : Electrical properties; PEG matrix; MnCl2 filler; Composite;   Field frequency; Dielectric 
constant; AC-Conductivity; Polarization. 
 
  
INTRODUCTION 

Polymeric materials were given a great interest, such as the ease of fabrication, low cost, light weight, ease of 
chemical modification and excellent insulation or good conduct ion properties,in many industrial application sowing to 
their desirable characteristics and properties which made them favorable compared to other commercial materials[1,2]. 
Considerable efforts focused on an applied research in the field of polymer compositesto turn these materials into 
useful products for electronic industry. This is mainly because they possess interesting properties which can be 
utilized to develop a lot of related potentials. Recently, many reports have appeared in  literature  dealing with  the  
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effects  of  the  filler concentration, frequency of the applied field and temperature on the physical properties of the 
conductive polymer composite such as impedance, dielectric behavior and electrical conduction [3-5].Many studies 
showed that physical properties of polymers clearly dopended on many factors concerning their preparation 
methods and chemical structure[6].The thermal stabilities of crystalline PEG-MnCl2 system depend on the  
saltmolarratio.the PEG molecular weight,the choice of the solvent and the concentration,and the thermal history.The 
melting temperatures also.depend on the nature of the complexion salts[7]. 
 
The poly vinyl alcohol (PVA) is a polymer with exceptional properties such as water solubility, biodegradability, 
biocompatibility, non-toxicity, and non-carcinogenetic that possesses the capability to form hydrogels by chemical or 
physical methods [8].PVA has high enough tensile strength and satisfactory flexibility.ThePEGpolymerhasa wide 
range of application in cluding the use as pharmaceutical recipients,food additives and plasticizers[9].Studies were 
centered on the enhancement of its ionic conductivity with the aim of developing the material to have the promising 
electrical application[9,10].In the present study,the electrical properties of PVA:PEG/MnCl2 composites is 
investigated as a fuction of applied frequency and concentration to use this Polymeric materials in many industrial 
application showing to their desirable characteristics and properties which made them favorable compared to other 
commercial materials.   

 
MATERIALS AND METHODS 

The materials used in the present work were Poly-vinyl alcohol (PVA) and Poly-ethylene glycol (PEG) with addition 
of different concentrations from (MnCl2). All the polymer composite films were prepared by casting from solution.  
Equal weights of PVA and PEG with ratio (50:50)wt.% for  one gm  of  PVA   and  one gm  of PEG was first dissolved 
in the common solvent (30 mL of distilled water) and  then both the polymers were homogeneously mixed using a 
magnetic stirrer at the constant temperature at (50)˚C for (12)hours. Complete homogeneous solution was casted on 
Teflon petri-dishes and left for the evaporation of the solvent. The resulting PVA:PEG films were dried up to (4)days 
at room temperature in the desiccators to remove the traces of solvent, and then lifted out of the petri-dish for further 
analysis. On the other hand, MnCl2was dissolved in double distilled water in the same condition.The resulting 
solution of MnCl2 particles were added to the polymer blend PVA:PEG solution with mass fraction (0, 2, 4, 6, 8, 
10)wt.%.mixed using a magnetic stirrer at the constant temperature at 100oC for 12hours  until a homogenous 
solution is obtained. The resultingsolutionwasthencasttoglass slides and leave over it forabout72hr. Afterdrying, 
thefilms were kept in vacuum desiccators untiluse. The thickness of films were inranging from 0.15to 0.2μm. 
 

RESULTS AND DISCUSSION 

Hall Effect 
The type of charge carriers, concentration (nH)and Hall mobility (µH), have been estimated from Hall measurements. 
The films of all concentration have a negative Hall coefficient (n–type charge carriers).Table (1) illusraes electrical 
parameters for (PVA:PEG/MnCl2) films at different concentrationof MnCl2(2,4,6,8 and 10)wt.%.It is note from Table 1 
that the carriers concentration (nH) increases  while Hall mobility (μH)  decreases with the increase of the 
concentration. 

D.C conductivity  

The variation of D.C electrical conductivity of PVA:PEG as a function of (MnCl2) particles concentrations   is  shown  
in figure 1. From this figure, the electrical conductivity increases with the increase of the concentration of (MnCl2)  
particles. The increase in D.C electrical conductivity of composite is a result to the rearrangement of (MnCl2)  particles 
throughout the polymer matrix[11]. The electrical conductivity could be increased as a result of increasing of 
electronic charge carriers which can be increased due to increasing filler content [12]. 
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The Activation Energy of (PVA:PEG/MnCl2) composites  

The relation between ln(σ)and the inverse absolute temperature for (PVA:PEG/MnCl2) composites shown in 
Figure2A and 2B.  
The activation energy was calculated by using equation[13] : 

 
 
 

where: 
σ: electrical conductivity at  temperature T 
σ0: electrical conductivity at absolute zero temperature 
KB: Boltzmann constant            
Eact: Activation Energy 
The high values existence for activation energy in state pure polymer. 

 
When adding MnCl2 particles, the values of the activation energy decrease for all (PVA:PEG/MnCl2) composites as a 
result of the impact of space charge. The addition of MnCl2 creates local energy levels in the forbidden energy gap 
which act as traps for charge carriers, which move by hopping among these levels. When increasing MnCl2 particles 
concentrations, the activation energy decreases as a result of the increase of local centers, as shown in Table 2.  
 
The A.C electrical properties of the Composite 
Figure3A shows the variation of the dielectric constant of (PVA,PEG and PVA:PEG) composites with 
frequency.Figure3B shows the variation of the dielectric constant of (PVA:PEG-MnCl2%) composites with 
frequency.This figure shows that the dielectric constant decrease when increasing the frequency. This is attributed to 
decreasing of space charge polarization with respect to the total polarization. The space charge polarization becomes 
more contributing type of polarization at low frequencies, and less contributing with the increase of frequency [14]. 
The other types of polarizations appear at subsequent frequencies. The ionic polarization reacts slightly to the 
variation in the field frequencies compared with electronic polarization; this is because the mass of ion is greater than 
that of the electron. The electrons respond even to the high frequencies of the field vibrations. The low mass of 
electron makes the electronic polarization was the only type of polarization at higher frequencies, this makes the 
dielectric constant approximately constant for all samples at high frequencies[15]. 
 
Figure 4A show the dielectric loss of (PVA,PEG and PVA:PEG) as a  function of frequency.The effect of adding MnCl2 
particles on the dielectric loss at room temperature (300C)  is shown in Figure 4B.It is clear from the figures  that 
dielectric loss decreases with frequency. The larger value of dielectric loss at low frequency could be due to the 
mobile charges within the polymer backbone. This is attributed to the decrease of the space charge polarization 
contribution when increasing the frequency [16].From the behavior the dielectric constant (1) and the dielectric loss 
(2), one can observe a strong frequency dependence especially at low frequencies, which reflects the behavior of the 
polar materials. It is clearly seen that both (1) and (2),increase with salt concentration and decrease with the 
frequency of the electric field and they have a high value at low frequencies and a low value at high frequencies. 
These results suggest that polar entities of the composite are effectively operating under the electric field. This 
behavior can be understood as follows: at low frequencies, the time interval required for the molecular dipoles of the 
polymer to response to the applied electric field is sufficient.  
 
This enables these dipoles to follow the oscillating field, i.e., the orientation polarization is high, which leads to 
enhance the dielectric constant values. While at high frequencies, the time interval needed for the dipoles to response 
to the applied electric field is insufficient. Hence, the dipoles are unable to follow the rapid alternation of the 
oscillating field , i.e., the orientation polarization drops down greatly and leads to very small value of (1)and (2) at 
high frequencies.[16] which is similar to the behaviour for polar polymer and materials [17]. This dielectric behaviour 

 .exp / TKE BactO 
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explains the increasing in the AC conductivity at high concentration [18].The variation of the conductivity for 
(PVA,PEG and PVA:PEG)composites with  frequency is  shown in Figure 5A and the variation of the conductivity for 
(PVA:PEG-MnCl2) composites with  frequency shown in Figure 5B.The conductivity is increasing when increasing 
the frequency for all different concentration of MnCl2 nanoparticles for (PVA:PEG/MnCl2) composites.These figures  
shows that A.C  electrical conductivity increases with the increase of frequency, this is attributed to the space charge 
polarization that occurs at low frequencies, and also to the motion of charge carriers by hopping process. The 
increasing of the conductivity is small at high frequencies; this is attributed to the electronic polarization and the 
charge carriers which travel by hopping process [19]. 
 
CONCLUSION  

The research work presented in this paper deals with the electrical properties of PVA:PEG/MnCl2  composite. The 
electrical conductivity, dielectric behavior of these polymeric membranes was studied as a function of MnCl2 
concentration and the applied frequency.  Frequency and M nCl2 concentration affect on the electrical and dialectical 
behavior of the composite and explained on the basis of the interfacial (space charge) polarization, dipolar 
polarization and on the decrease of the hindrance of the polymer matrix. Activation energy for all composites 
decreased with increasing of concentration.  Dielectric constant and dielectric loss decreased with increasing of 
frequency and increase with increasing of concentration but A.C electrical conductivity σa.cincreased with increasing 
of frequency and MnCl2 concentration due to enhancement of ionic conduction in the membrane bulk for all samples.  
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Table 1: Illustraes electrical parameters for (PVA:PEG/MnCl2) 

Sample σRT x10-6 
(Ω-1.cm-1) 

RHx105 n  
(cm-3)x1013 

type μH (cm2/v.sec) 

PVA 7.73   140 0.045 p 108.22 
PEG 5.74   -225 0.028 n 129.16 

PVA:PEG 4.46   -30.5 0.205 n 13.62 
PVA:PEG 

With MnCl2 
2% 5.43   -20.5 0.305 n 11.14 
4% 6.94   -3.80   1.643 n 2.64 
6% 8.80   -0.924   6.764 n 0.81 
8% 0.123   -0.323   19.344 n 0.40 
10% 0.173   -0.083  75.211 n 0.14 

 

Table 2 : Activation energy for(PVA:PEG/MnCl2)composites 

Sample Ea1 
(eV) 

Range 
(K) 

Ea2 
(eV) 

Range 
(K) 

σRT x10-6 
(Ω-1.cm-1) 

PVA 0.026 303-353 0.367 353-433 7.73    
PEG 0.034 303-353 0.395 353-433 5.74   

PEG:PVA(0%) 0.047 303-353 0.492 353-433 4.46   
2 % 0.045 303-353 0.474 353-433 5.43   
4 % 0.044 303-353 0.450 353-433 6.94   
6 % 0.037 303-353 0.428 353-433 8.80   
8 % 0.022 303-353 0.396 353-433 0.123   
10 % 0.022 303-353 0.345 353-433 0.173   
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Figure (1):   D.C conductivity with different             Fig.2(A): The relation between ln(σ)and the  
concentration of MnCl2 particles.                                inverse absolute temperature for  
                                                                                          (PVA,PEG and PVA:PEG) composites. 

 

 
 
Fig.2(B): The relation between ln(σ)and the               Figure(3A): The variation of the dielectric  
inverse absolute temperature for                                  constant with  frequency. 
(PVA:PEG/MnCl2) composites. 
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Figure(3B): The variation of the dielectric                     Figure (4A): Variation of the dielectric loss  
constant of (PVA:PEG- (MnCl2%) with frequency.      with frequency for(PVA,PEG and PVA:PEG)  
                                                                                             composites. 
 

 

 
Figure (4B): Variation of the dielectric loss with       Figure (5A): The variation of the conductivity  
frequency for(PVA:PEG-MnCl2) composites.             for (PVA-PEG-PVA:PEG) composites with   
                                                                                           frequency. 
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Figure (5B): The variation of the conductivity for (PVA-PEG-PVA:PEG) composites with         

frequency 
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In this study an attempt is made to analyze the concentration of heavy metal in ground water samples 
collected from different areas (commercial, residential, agriculture, industrial) of Lucknow. Samples were 
collected and analyzed for Cr, Cu, Fe, Ni, and Zn by atomic absorption spectrophotometer .The results 
were compared with BIS and WHO limits. The result shows that iron concentration was found higher 
than the acceptable limits set by BIS in S1, S2, S6, S8, S11, S12, S14, S15, ground water samples which indicate 
the detoriation of ground water quality. Mean concentration of iron was found higher in commercial 
area. Whereas concentration of other heavy metals analyzed in ground water samples were found within 
the acceptable limit of drinking water set by WHO and BIS. 
   
Keywords : Ground water, Heavy metal, Iron concentration, Lucknow city,  
 
 
INTRODUCTION 

Water is one of the basic amenity and universal solvent without which existence of life cannot be imagined on earth 
[19,20,21]. Among the two main sources of drinking water i.e. ground water and surface water ,ground water is the 
major source of water supply for domestic purposes in the urban and rural parts of India.Ground water was taken as 
the safest form of water for drinking as it is not in direct contact of surface activities. Natural impurities of rainwater 
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get removed through soil strata when in restore ground water system, that’s why ground water is less susceptible to 
contamination when compared to surface water. But with passage of time level of contamination in ground water is 
increasing with increase in pollution level of surface [1,2,3]. In our country groundwater is used intensively for 
irrigation and industrial purposes, and variety of land and water-based human activities are polluting it. Excess use 
of fertilizers and pesticides not only increase productivity, but it also increases pollution level in the groundwater on 
a large scale[11,12,13].Groundwater quality detoriate due to diffusion of contaminant such as chemicals from the 
agricultural fields, septic tanks, dumping areas etc., from surface which covers it [8,9,10]. Landfills are also 
responsible for detoriation of groundwater quality not only in India but throughout the world [16,17,18]. 
 
Iron is the natural occurring element and makes up five percent of earth crust. Iron enters in ground water by 
dissolving from the rocks and minerals that form aquifers. Internal corrosion of metallic pipes is one of the factors 
responsible for concentration of iron in drinking water [6,7]. Ferrous and ferric are the two main form of iron, present 
in water. Ferric form is insoluble whereas ferrous form of iron is soluble .In ground water iron is generally present in 
ferrous form and ferric form is generally present in surface water as it is oxidized by oxygen of atmosphere. Iron 
enters in human body through contaminated water.  Iron is one of the components of human blood. For healthy body 
iron is necessary but excess of iron concentration is fatal for life. In many studies it is found that High concentration 
of iron in human body is linked with most types of neurodegenerative disorders such as Alzheimer's, Parkinson's, 
and Huntington's diseases [4]. Higher concentration of redox active metal can disturb normal functioning of cell 
[14,15]. 
Many tube wells of Lucknow city record elevated NO3- concentrations and in other cases dissolved Fe and Mn 
problems were reported[5].This paper is based on the investigation of concentration of iron along with some heavy 
metal in groundwater of Lucknow city . 
 

MATERIALS AND METHODS 

Fifteen different areas were selected form Lucknow city capital of Uttar Pradesh for collection of ground water (bore 
well, hand pump) samples. Samples were collected in month of September-october 2014. Although Lucknow city is 
not industrial city yet for convenience areas were divided into four type such as agricultural, commercial, residential 
and industrial area on basis of their use; Concentration of metal were analysed through atomic absorption 
spectrophotometer (variance 240 FS) following standard methods of analysis of water and waste water. 
 

RESULTS AND DISCUSSION 

The variation in concentration of heavy metal in ground water samples are shown in Table -2 to 5. To know the 
distribution pattern of metal concentration in ground water statistical analysis has been done. The variations of 
different metal in ground water are graphically represented figure 1-5. 
Minimum iron concentration was found in S9   which is 0.012 mg/l. 
Maximum iron concentration was found in S8   which is 4.44 mg/l. 
 
The result of analysis of water samples revealed that the concentration of all the heavy metal analyzed in the ground 
water sample of Lucknow city were within the permissible limit of drinking water set by WHO and BIS.It can be 
concluded from above study that all the heavy metals which were analyze found within the permissible limit, but in 
some samples concentration of iron was found above the desirable limit. Clean water is basic need for healthy life. So, 
it becomes important to check the quality of water regularly to get safe drinking water. 
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Table 1 -Showing Drinking water limits set by BIS and WHO 
 

PARAMETER BIS limit 
IS 10500-2012 

WHO limits(WHO's 2004) 

Acceptable 
limit 

Permissible 
limit in the 
Absence of 

Alternate Source 

Highest 
desirable 

limit 
 

Maximum 
permissible 

limit 

Fe 0.3 mg/l No relaxation 0.1 mg/l 1mg/l 
Cu 0.05 mg/l 1.5 mg/l 0.05 mg/l 1.5mg/l 
Cr 

(Cr+3, Cr+6 ) 
0.05 mg/l No relaxation   

Zn 5 mg/l 15 mg/l 5mg/l 15mg/l 
Ni 0.02 mg/l No relaxation   

 

Table-2 Residential Area 
 

Parameter Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Location mg/l mg/l mg/l mg/l mg/l 

S1 0.423 0.007 0.1 0.3 0.01 
S2 0.712 0.015 0.1 0.2 0.01 
S3 0.115 0.003 0.11 0.1 0.02 

S4 0.039 0.019 0.1 0.1 0.02 
Mean 0.039 0.011 0.1025 0.175 0.015 

SD 0.308 0.007 0.005 0.095 0.005 

SE 0.154 0.003 0.0025 0.047 0.002 
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Table-3 Commercial Area 
  

Parameter Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 
Location mg/l mg/l mg/l mg/l Mg/l 

S5 0.094 0.012 0.1 0.1 0.01 

S6 0.85 0.015 0.1 0.2 0.01 

S7 0.054 0.016 0.11 0.3 0.02 

S8 4.44 0.014 0.1 0.1 0.03 
Mean 1.359 0.014 0.1025 0.175 0.017 

SD 2.086 0.001 0.005 0.095 0.009 
SE 1.043 0.0005 0.0025 0.047 0.004 

 
Table-4 Agriculture Area 
 

Parameter Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Location mg/l mg/l mg/l mg/l Mg/l 
S9 0.012 0.008 0.1 0.1 0.01 

S10 0.35 0.017 0.1 0.2 0.02 
S11 0.715 0.018 0.11 0.1 0.01 

S12 0.929 0.019 0.1 0.2 0.01 

Mean 0.501 0.015 0.1 0.15 0.012 
SD 0.404 0.005 0.005 0.057 0.005 
SE 0.202 0.002 0.0025 0.028 0.005 

 
Table -5 Industrial area 
 

Parameter Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 
Location mg/l mg/l mg/l mg/l Mg/l 

S13 0.039 0.009 >0.1 0.2 0.02 

S14 0.875 0.012 0.1 0.1 0.02 

S15 0.65 0.02 0.2 0.5 0.2 

Mean 0.521 0.013 0.15 0.266 0.08 

SD 0.432 0.005 0.07 0.208 0.103 

SE 0.249 0.002 0.04 0.12 0.059 
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Table 6-Correlation table for residential area                 
                      

 
Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Fe2+ 1 
    Cr2+ 0.081118 1 

   Cu2+ -0.44808 -0.7303 1 
  Zn2+ 0.667576 -0.19069 -0.52223 1 

Ni2+ -0.91841 -5.4E-17 0.57735 -0.90453 1 
 

Table 7-Correlation table for commercial area 
 

 
Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Fe2+ 1 
Cr2+ -0.05516 1 
Cu2+ -0.41721 0.68313 1 
Zn2+ -0.5208 0.8664 0.870388 1 
Ni2+ 0.810366 0.254824 0.174078 -0.09091 1 

 
Table 8-Correlation table for agriculture area 
 

 
Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Fe2+ 1 
    Cr2+ 0.890354 1 

   Cu2+ 0.35186 0.328976 1 
Zn2+ 0.393924 0.569803 -0.57735 1 
Ni2+ -0.24968 0.197386 -0.33333 0.57735 1 

 
Table 9-Correlation table for industrial area 
 

 
Fe2+ Cr2+ Cu2+ Zn2+ Ni2+ 

Fe2+ 1 
Cr2+ 0.50335 1 
Cu2+ 0.257581 0.964579 1 

  Zn2+ 0.017953 0.87298 0.970725 1 
 Ni2+ 0.257581 0.964579 1 0.970725 1 
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Table-10 - Areas selected for samples were as follows 
 

 
 

 
 
      Figure-1 variation in con of iron                                 Figure-2 variation in con of Chromium  
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       Figure-3 variation in con of Zinc                                    Figure-4 variation in con of Copper 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          Figure-5 variation in con of Nickel 
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Dust storm is a significant environmental problemand plays an influential role in climatology over Iraq 
by suffering a significant increase in dust storms in the last decade. Spatial and temporal variance of 
aerosol optical properties (AOP) over Iraq and surrounding regions is of significant importance to find 
out the dust aerosol hot spots sources. Aerosol absorption opticaldepth (AAOD), aerosolextinction optical 
depth (AOD) and aerosol single scattering albedo (SSA) at wavelength 500 nm were used. These products 
are derived from the Ozone Monitoring Instrument (OMI) on board Aura satellite with spatial resolution 
1ox1o. The used data is for Iraq and surrounding regions with latitude (26.5oN-39.5oN) and longitude 
(36.5oE-51.5oE) at the past decade (January 2005-December 2014).Different Spatial Interpolation GIS 
methods were applied on annual mean of AOP, namely Inverse Distance Weighting (IDW), Radial Basis 
Functions (RBF) with 3 sub-types (Spline completely regularized, Spline with tention, Spline with thin 
plate) and Kriging with 3 sub-types (Ordinary, Simple, Universal). The best spatial interpolation method 
of lowest root mean squared error (RMSE)values concluded for estimateAOP over Iraq and surrounding 
regions was spline completely regularized method.Spatial distributions of annual mean of AAOD, AOD 
(SSA) over study area have high (low) values located at northwest and south of Iraq extend to Kuwait 
and northeast of Arabia Saudi. This indicates to abundance of dust absorbing aerosols and the absorbing 
process is more active than scattering and responsible for increasing aerosol extinction. 
 
Keywords : Aerosol optical properties, Ozone Monitoring Instrument,Spatial interpolation methods,GIS, 
Iraq 
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INTRODUCTION 

Iraq is one of the most affected countries in the Middle East concerning the occurrences of sand and dust storms. The 
frequency of the occurrence has increased drastically in the last decade. The events of sand and dust storms are either 
regional or local. The regional event, generally extends outside the Iraqi territory, into different directions, but 
usually covers part of Syria, crossing the Iraqi territory towards Kuwait and Saudi Arabia, and/or towards the 
Arabian Gulf, and less frequently extends to Iran [1].Aerosols affect the climate of earth both directlyby absorption 
and scattering and indirectly by altering the cloud properties.The attenuation due to aerosol is called aerosol 
extinction. Aerosol optical properties (AOP) are used to measure the aerosol load in the atmosphere.The aerosol 
extinction optical depth (AOD) is a vertical integral of the aerosol extinction coefficient from the earth surface (SFC) 
to the top of the atmosphere (TOA) [2]. The aerosol single scattering albedo (SSA) is a measure of the effectiveness of 
scattering relative to extinction for the light encountering the atmospheric aerosol particles [3]. Extinction is the sum 
of scattering and absorption.  
 
The aerosol absorption optical depth (AAOD) is measure of concentration of near-UV absorbing aerosol particles 
such as smoke and mineral dust.These properties are useful for monitoring the sources and sinks of aerosols, and 
important parameters in radiative transfer model, air quality, health environment and earth radiation budget [4].The 
present study is aimed to choice the best spatial interpolation method for mapping AOP at the past decade (January 
2005- December 2014) over Iraq and surrounding regions. To choice the best spatial interpolation method, three well-
-known spatial interpolation techniques, namely Inverse Distance Weighting (IDW), Radial Basis Functions (RBF) 
with 3 sub-types, and Kriging with 3 sub-types were examined in ARCGIS software. 
 
Spatial Interpolation Methods  
Spatial interpolation methods are used to determine phenomena over a continuous space. There are two main 
groupings of interpolation techniques in ARCGIS(Ver. 10.2.2): deterministic and geostatistical. Deterministic 
interpolation techniques create surfaces from measured points, based on either the extent of similarity (IDW) or the 
degree of smoothing (RBFs). Geostatistical interpolation techniques (Kriging) utilize the statistical properties of the 
measured points [5]. Geostatistical techniques quantify the spatial autocorrelation among measured points and 
account for the spatial configuration of the sample points around the prediction location [6, 7]. Adeterministic 
interpolation can either force the resulting surface to pass through the data values or not. An interpolation technique 
that predicts a value that is identical to the measured value at a sampled location is known as an exact interpolator. 
An inexact interpolator predicts a value that is different from the measured value. The latter can be used to avoid 
sharp peaks or troughs in the output surface. IDW and RBF are considered as exact interpolators [8,9].The 
performance of each interpolator will depend on the arrangement, density and variability of the point data [10]. 
Spatial interpolation is used to convert point data of aerosol properties into continuous surfaces in this study. These 
surfaces will be later used to find out the distribution patterns of AOP andthe dust aerosols hotspots sites over Iraq 
and surrounding regions. 
 

MATERIALS AND METHODS 

Field measurements of aerosol properties are often carried out by remote sensing using satellite or ground based 
instruments.Ozone Monitoring Instrument (OMI) on board NASA's Aura satellite provides aerosol information on a 
global scale at a daily basis, passing over a certain location once or twice a day [11, 12]. A detailed description of the 
characteristics of the OMI instrument is given by [13].AAOD, SSA, AOD at wavelength 500 nm products on daily 
basis are used in this study. These data is averagedfor ten years (January 2005 – December 2014) over Iraq and 
surrounding regions with grid of latitude (26.5o N-39.5oN) and longitude (36.5o E-51.5oE) with spatial resolution 
1oX1o. These data are available at Giovanni web tool: http://giovanni.sci.gsfc.nasa.gov/giovanni/. 
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Choice the Best Interpolation Method by using ARCGIS Software 
ESRI (Environmental Systems Research Institute) offers multiple Geographic Information System (GIS) products that 
can be utilized in performing spatial interpolation. Aeronautical Reconnaissance Coverage Geographic Information 
System(ARCGIS) Spatial Analyst software provides various tools to perform spatial data analysis including some 
limited interpolation functionality [14].ARCGISGeostatistical Analyst provides a full set of tools for performing both 
spatial data analysis and interpolation [15].To choice the optimum interpolation method for estimating AOP, two 
main groupings of interpolation techniques in ARCGIS are examined: deterministic and geostatistical. Deterministic 
interpolation techniques like IDW and RBF and geostatistical interpolation techniques like Kriging.The selected 
methods in this study for estimateAOP by using ARCGIS (version 10.2.2) are three spatial interpolation techniques 
i.e. IDW, RBF with 3 sub-types (Spline completely regularized, Spline with tension, Spline with thin plate) and 
Kriging with 3 sub-types (Ordinary, Simple, Universal).The most often used measure of interpolation quality is cross-
validation.  
 
This approach is empirical and objective [16]. The cross-validation method computes the spatial interpolation for 
each measured point using all the available information except from that one point, i.e. it withholds one data point 
and then makes a prediction at the spatial location of that point. The predicted and measured values are then 
compared andthe procedure is repeated for all points. The most common indicator in cross-validation method isRoot 
Mean SquaredError (RMSE): 

RMSE =
1
N Z(s ) − Z(s )

 
 

Where Z(si) is the measured aerosol optical property value in the i-th point, (si) is the estimated aerosol optical 
property value in the i-th point using other points, (s) is Location and (N) is the size of samples.A smaller RMSE 
generally means a better estimation. Other cross-validation summary statistics isMean Prediction Error (MPE), which 
is the same as average bias:  

                             MPE =
1
N Z(s )− Z(s )  

MPE should be the nearest to zero [6].  
 

RESULTS AND DISCUSSION 

The choice of the best interpolation method was decided from many criteria obtained by cross validation procedure 
for three spatial interpolation techniques.Figure1 show the summary of choosing the best interpolation method for 
spatial prediction and comparative evaluation of the methods used for estimate AOP.These were evaluated based on 
RMSE and MPE values, the predicted values are compared with the measured data. The statistical details of the 
errors produced by the adopted interpolation methods for the annual AOP at last decade are given in Table 1 and 
Table 2. It is obvious in these two Tables the spline completely regularized method produce lowest RMSE values and 
is good for estimate AOP over study area.IDW interpolation method produced the worse results (i.e. highest RMSE) 
and unsuitable for AOP. The Kriging methods gave poor RMSE results, where ordinary and universal Kriging 
methods generally gave roughly similar results and then they can't also be recommended when applied to estimate 
AOP. Therefore the prediction maps for AOP in this study have been generated by using the best method (spline 
completely regularized) due to its best results as shown in Figure 2. 
 
High, moderate and low AOPregions indicate that different regions in study area have various features of aerosol 
load where the high value of AAODlocated at northwest and the south of Iraq extend to Kuwait and the northeast of 
Arabia Saudi as shown in (Figure 2a). The highest annual mean AAOD is reached to value (>0.09) in study area at 
Arabia Saudi and Kuwait. The low annual mean ofAAOD is found over western parts of Iraq with value 
(0.019±0.003). From (Figure 2b) AOD pattern was similar to that of AAOD. The highest AOD located in northwest 
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and south of Iraq with AOD range over Iraq is (0.20-0.73) extended to Kuwait and northeast of Arabia Saudi with 
value (>0.94).The range of SSAover Iraq noticed to be (0.93-0.98) as illustrated in (Figure 2c). SSA pattern is opposite 
to AAOD and AODpatterns where the region of AAOD and AOD is high, SSA is low that indicate to abundance of 
dust absorbing aerosols and absorbing process is more active than scattering and responsibleofincreasing aerosol 
extinction. This occurred in the region of sources of dust storm in the sedimentary plain of Iraq’s 
Tigris and Euphrates rivers as a consequence of Shamal wind which transport aerosols particles from their sources to 
the south regions towards the Arabian Gulf. 

 
CONCLUSION 

Three well-known spatial interpolation techniques, IDW, RBF with 3 sub-types, and Kriging with 3 sub-types were 
examined in ARCGIS software. The best interpolation method of lowest RMSE values concluded for OMI/Aura AOP 
data over Iraq and surrounding regions was spline completely regularized method.Spatial distributions of annual 
mean of AAOD, AOD (SSA) over study area have high (low) values located at northwest and south of Iraq extend to 
Kuwait and northeast of Arabia Saudi. That indicates to abundance of dust absorbing aerosols and the absorbing 
process is more active than scattering and responsible to increase aerosol extinction. 
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Table1: Statistical errors obtained by using interpolation methods for AAOD, AOD, the lowest RMSE 
are in bold. 

 
 

Table2: Statistical errors obtained by using interpolation methods for SSA, the lowest RMSE is in 
bold. 

 
 
 
 
 

Interpolation Method No. of 
Point 

AAOD AOD 
MPE RMSE MPE RMSE 

IDW 224 0.0000781 0.00422 0.0005044 0.06302 

Spline completely regularized 224 0.0000091 0.00396 0.0001994 0.05381 

Spline with tention 224 0.0000065 0.003961 -0.0000390 0.05395 

Spline with thin plate 224 0.0000003 0.00417 -0.0000272 0.05464 

Ordinary Kriging 224 -0.0000467 0.00400 -0.0002019 0.05500 

Simple Kriging 224 -0.0000173 0.00398 -0.0004131 0.05885 

Universal Kriging 224 -4.67E-05 0.00400 -0.000202 0.05500 

Interpolation Method No. of 

Point 

SSA 

MPE RMSE 

IDW 224 -0.0001532 0.00679 
Spline completely regularized 224 -0.0000279 0.00677 

Spline with tention 224 -0.0000560 0.006771 

Spline with thin plate 224 0.0000211 0.00769 

Ordinary Kriging 224 0.0001049 0.00682 

Simple Kriging 224 -0.0000044 0.00680 

Universal Kriging 224 0.0001049 0.00682 

Saadiyah Hasan Halos et al. 

http://www.tnsroindia.org


Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.7 / Issue 38 / October 2016                       International Bimonthly                                            ISSN: 0976 – 0997        
 
 
 

11653 
 

   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
Figure1: Flow chart for the processesof choosing the best interpolationmethod for mapping AOP 
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Figure2: Spatial distribution of annual mean of (a) AAOD(b) AOD (c) SSAfor ten years (2005-2014) 
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The metal complexes of 7-Diethylamino-3-thenoylcoumarin (L1), 5, 7-Dimethoxy-3-(1-naphthoyl) 
coumarin (L2) have gained considerable importance due to their exerted biological activity. A series of 
metal complexes of the above ligands have been synthesized and characterized by elemental analysis, 
molar conductance, FT-IR, thermogravimetric analysis, proton NMR, powder XRD and cyclic 
voltammetry techniques. The IR spectra of the ligands and their complexes show that both ligands 
behave as bidentate and confirm the presence of nitrate ions in the coordination sphere. Thermal stability 
of the complexes has been studied by thermo gravimetric and differential thermo gravimetric which 
support the presence of nitrate ions and ligand molecules in complexes. All complexes exhibited an 
octahedral geometry around metal centre. The redox property of metal complexes has been characterized 
by cyclic voltammetry which showed that all the complexes exhibit semi reversible, quasi-reversible one 
electron transfer redox and irreversible process respectively. The antimicrobial studies of synthesized 
metal complexes and ligands (L1& L2) were screened for antibacterial activity against bacteria such as 
Escherchia coli, Staphylococcus aureus, Pseudomonousaureginosa and antifungal activity against P. Aeruginosa 
and Candida albicans species and it was found to have greater effect on the antimicrobial activities. The 
DNA binding studies were performed by electronic spectroscopy and cleavage studies are investigated 
by Agarose gel electrophoresis technique. The experimental results indicate that all complexes have 
marked effect on the binding affinity to CT-DNA. 
 
Keywords : Metal complex, Thermogravimetry, Cyclic voltammetry, Antimicrobial; 
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INTRODUCTION 

Coumarins are naturally occurring organic compounds found throughout the plant kingdom [1, 2].Coumarins are 
classified into four types. They are simple coumarins, furanocoumarins, pyranocoumarins and the pyrone-
substituted coumarins. Different substituted coumarins are associated with diverse pharmacological activities such as 
antibacterial, antifungal, antihelminitic and carcinogens [3]. Furanocoumarins consist of a five-membered furan ring 
attached to the coumarin nucleus, divided into linear or angular types with substitution at one or both of the 
remaining benzoidpositions [4]. Pyranocoumarin members are analogous to the furanocoumarins, but contain a six-
membered ring. Coumarins substituted in the pyrone ring include 4-hydroxycoumarin [5, 6]. Natural coumarins are 
known to have antidiabetic activity, anabolic antioxidant and hepato protective activities [7, 8]. Synthetic coumarins 
have stimulated their antibiotic [9], anti-coagulant [10], anticancer [11], anti-inflamatory [12], and anti-HIV [13] 
properties. A number of synthetic derivatives of coumarin have found pharmaceutical applications [14]. Coumarins 
are nowadays an important group of organic compounds that are used as additives to food and cosmetics [15], 
optical brightening agents [16] and dispersed uorescent and laser dyes [17]. Substituted coumarin derivatives have 
been reported to have variety of biological activities. Coumarin derivatives are involved in photo generation of ROS 
(reactive oxygen species) from ketocoumarins.  
 
Coumarin derivatives can be synthesized by one of such methods as the Claisen rearrangement [18], Perkin reaction 
[19], Beckmann reaction [20], Witting reaction [21], as well as the Knoevnagel condensation [22, 23]. Coordination 
compounds of coumarin derivatives are important due to their role in biological and chemical systems in various 
ways. It has been observed that metal complexes with appropriate ligands are chemically more significant and 
specific than the metal ions and original [24-27]. A number of coumarins have been investigated for complexing 
ability [28]. The investigation of the binding properties of coumarin derivatives to different metal ions could help in 
understanding its isomer isocoumarin binding properties and factors controlling their biological activity [29]. 
Coumarins are also used as ligands and they involves in the synthesis of coordination compounds [30]. The coumarin 
ring can participate in mono dentate, bidentate or 6- arene binding sites to a metal centre. Transition metal 
complexes of coumarins are found in biological and medical application. Drzewiecka et al have reported the 
synthesis and structural studies of novel Cu (II) complexes with coumarin derivatives [31].A new series of Ruthenium 
complexes with Coumarin derivative are reported [32].   This consideration prompted us to synthesis a new series of 
metal complexes of 7-substituted coumarins to investigate their antimicrobial and DNA cleavage activities. Hence, 
we report here the synthesis and spectral characterization of   Ni (II), Cu (II) and Zn(II) complexes of  L1 and  L2 
ligands. 
 
MATERIALS AND METHODS 

Ligands (L1& L2) and metal salts were purchased from Sigma Chemicals Co. (USA) and used as such. All solvents 
and chemicals used for antimicrobial and DNA studies were reagent grade and used without further purification. 
 
Physical measurements 
 Elemental analyses (C, H, and N) of the complexes were performed at SAIF, Cochin University, Cochin, and Kerala. 
IR spectra were recorded on FT-IRJASCO 460 PLUS spectrophotometer with samples prepared as KBr pellets. 
Electron paramagnetic resonance spectra were recorded on JOEL-FA200EPR spectrometer. UV-Vis spectra were 
recorded on a Shimadzu UV-3101PC spectrophotometer using cuvettes of 1 cm path length and conductivity 
measurements were carried out in aqueous solutions of the complexes with an Elico conductivity bridge type CM 82 
and a dip-type cell with a cell constant of 1.0. Cyclic voltammetry measurements were made on Princeton EG and G-
PARC model potentiostat. The thermal analyses were performed with a Perkin Elmer Diamond instrument at heating 
of 5 °C/min under a dynamic air atmosphere (150 ml/min). All complexes were investigated in the temperature range 
20-800 °C. The antibacterial and antifungal activities were done at 50 ppm concentration in DMSO solvent by using 
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bacteria (P. aeruginosa, E. coli, S.cocci species) and fungi such as Aspergillusniger, Candida albicans by a modified disc 
diffusion method.  
 
Synthesis of Complexes 1(a), 1(b) and1(c) 
To a solution of 7-diethylamino-3-thenoylcoumarin (L1) C18H17NO3S (0.655g, 2mmol) in 23 ml of methanol was 
treated with a methanolic solution of Nickel (II) nitrate (0.290 g, 1 mmol). The reaction mixture was stirred on 
magnetic stirrer.  Green crystalline product formed after 7-8 hrs was collected by filtration. The solid was washed 
several times with methanol (50 mL), then with diethyl ether (30 mL) and finally dried in vacuum. The obtained 
complex (1a) was recrystallized from dry methanol. Mol. Formula (complex 1(a)), NiC36H34N4S2O12: Mol. Wt. 837.473, 
M.P. 210∘ C, Yield: 0.572g.Colour-Pale Green. The metal complexes 1(b), 1(c) were synthesized from the respective 
precursor ligand by adopting similar procedure used (with slight modifications) for the synthesis of the above 
mentioned complexes. Mol. Formula (complex 1(b)), Cu C36H34N4S2O12: Mol. Wt. 842.35, Yield: 0.687 g, Colour-pale 
brown; Mol. Formula (complex 1(c)), Zn C36H34N4S2O12: Mol. Wt. 844.18, Yield: 0.676 g, Colour -White;  
 
Synthesis of Complexes 2(a), 2(b) and2(c) 
To a solution of 5, 7-dimethoxy-3-(1-naphthoyl)coumarin(L2) C22H16O5 (0.721g, 2mmol) in 20 ml of methanol was 
treated with a methanolic solution of Nickel(II) nitrate (0.290 g, 1 mmol). The reaction mixture was stirred on 
magnetic stirrer. Bluish Green crystalline product formed after 6-7hrs was collected by filtration. The solid was 
washed several times with methanol (25 mL), then with diethyl ether (10 mL) and finally dried in vacuum. The 
obtained complex 2(a) was recrystallized from dry methanol. Mol. Formula complex 2(a), NiC44H32N2O16: Mol. Wt. 
837.493, Yield: 0.772g.Colour-bluish Green. The metal complexes 2(b), 2(c) were synthesized from the respective 
precursor ligand by adopting similar procedure used (with slight modifications) for the synthesis of the above 
mentioned complexes. Mol. Formula complex 2(b), Cu C44H32 N2O16: Mol. Wt. 908.27, Yield: 0.716 g, Colour- brown; 
Mol. Formula complex 2(c), Zn C44H32 N2O16: Mol. Wt. 910.10, Yield: 0.658 g, Colour -white; 
  
DNA binding experiment 
A solution of Calf thymus DNA samples (CT-DNA; ~ 200 base pairs in length) in the aqueous buffer solution (50mM 
NaCl- 5Mm Tris-HCl, Ph 7.1) gave UV absorption in the range 260 and 280nm indicating that the DNA was 
sufficiently free of protein [33, 34] Milli-Qwater was used to prepare the solutions. The DNA binding experiments 
were performed at 300C. DNA absorbs at 260-280 nm in the UV region with molar extinction coefficient value 
6600cm-1 which indicates its purity. The electronic absorption spectra of the complexes have been carried out at the 
fixed concentration of the complexes (15µM) in DMSO at 250 C, with the concentration of DNA as 5µM which 
incubate 15-20 min before the absorption. 
 
DNA cleavage study 
The DNA cleavage activity of  ligands and their metal complexes was monitored by agarose gel electrophoresis on 
Human serum proteins by using Ready- to- use- precast Gel(8×5cm). Each reaction mixture contained 30 µM of 
serum and 40 µM of each complex in DMF in 50mM Tris-HCl buffer (pH 7.2). The reaction was incubated at 370C for 
2hrs.The sample was electrophoresed for 30 minutes at 100V on a Biotech recast Agarose gel (8×5cm). The gel was 
stained with methylene blue in 0.1X TAE) and photographed under UV light.  
 

RESULTS AND DISCUSSION 

Conductance and Elemental analysis 

The complexes were colored, insoluble in water as well as stable in air. The analytical data of these complexes 
showed that the solids are stable and can be stored for months without any significant change in their formulae. The 
purity of the complexes were derived from C, H, N analysis, and the results were found to be in good agreement 
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with the calculated values given as follows: complex 1(a) Found: C, 50.33%; H, 4.07%; N, 5.94%; Ni,6.21%; 
C36H34NiN4S2O12calcd:  C, 51.58%; H, 4.06%; N, 6.69%; Ni,7.00%; O, 22.93;  complex 1(b) Found: C, 49.99%; H, 3.98%; 
N, 6.46%; Cu, 7.15%; C36H34CuN4S2O12 calcd: C, 51.29%; H, 4.03%; N, 6.65%; Cu, 7.54%;O, 22.79; complex 1(c) Found: 
C, 51.03%; H, 3.99%; N, 6.26% Zn, 7.08% C36H34ZnN4S2O12calcd: C, 54.17%; H, 3.02%; N, 6.63%; Zn, 7.74%; complex 
2(a) Found: C, 55.52%; H, 3.40%; N, 2.99%; Ni,5.85%; NiC44H32N2O16cacld: C, 58.44%; H, 3.50%; O, 28.33%; N, 3.09%; 
Ni, 6.49%; complex 2(b) Found: C, 54.72%; H, 3.14%; N, 2.88%; Cu,6.08%; CuC44H32 N2O16cacld: C, 58.13%; H, 3.52%; 
N, 3.08%; O, 28.19%;Cu,6.99%; complex 2(c) Found: C, 57.28%; H, 3.44%; N, 3.08%; Zn, 6.98%; ZnC44H32N2O16cacld: C, 
58.02%; H, 3.51%; N, 3.07%;O, 28.13%;  Zn,7.18%; 

FT-IR  Spectra  

The analysis of the FT-IR spectra of ligands and complexes were measured in the region 400-4500 cm–1provided 
information on the coordination mode between the ligands and the metal ion. IR spectral data of all complexes were 
summarized in Table 1.The IR spectra of complexes in Fig.1, 2 showed sharp band at around 1350 cm–1 - 1410cm–1 and 
1343cm-1 -1399cm-1 in L1,L2complexes respectively. These bands may probably be due to the vibrations of nitrate ions 
coordinated through oxygen to metal, which are not observed in ligand L1 indicates the absence of coordinated 
nitrate ion. The ν (C=O) stretching vibration band appeared at ≈1718cm–1 in the spectra of L1, and its complexes showed 
this band at ≈1600-1620 cm–1; this band shifted towards lower energy, suggesting that coordination occurs through 
the carbonyl oxygen atom in lactone ring. The most notable change observed upon complex formation is a shift of the 
C=O stretch to lower frequency. The C=O band at 1726 cm−1 exhibits a shift of 30–45 cm−1 to lower wave number 
values on complexation which may be taken as evidence for the participation of the C=O group in coordination. The 
bands at 460 -550cm–1 for complexes of L1 and L2 were assigned  ν(M-O) stretching vibrations.  
 
Electronic Spectra 
The n→ π* characteristic band in the UV spectra assigned to the C=O bond appear at 271nm for carbonyl and is 
shifted toward higher wave lengths with 6 nm, 9 nm and 2 nm for complex 1(a), 1(b) and 1(c) respectively confirming 
the presence of the ligand in the complex and the covalent nature of the metal- ligand bond. In the visible domain, d-
d transition appears between at 620 nm in the copper complex. In the visible domain, Nickel complex 1(a) spectrum 
shows a band at 512nm attributed to the d-d transition of electrons attributed to3A2g(F)→3T1g(F), 3A2g→3T2g, 
3A2g→3T1g(P). Complex 2(b) is assigned to 2Eg→2T2g, 4T1g(P) →4T1g(F) which is conformity in octahedral geometry. 
Zn(II)complex 2(c) attributed to LMCT transition, which is compatible with this complex having an octahedral 
symmetry of zinc ion[35]. 
 
Thermo gravimetric Analysis of Complexes 
The thermo gravimetric curves of the complexes are shown in Fig.3.TGA shows presence of two nitrate ions per 
metal ion which are lost in one step process at relatively high temperature (2400C - 3000C) .This confirms that the two 
nitrate ions are coordinatively bonded through oxygen to the metal ions. The dry compound which is stable in small 
temperature range was the oxides of the metal ion, which were not further decomposed. The TGA of ligand(L1) 
showed 72% of ash content, the residue in complexes 1(a), 1(b), 1(c)is equal to 28%, 16%, 39% of metal oxide content 
respectively after complete decomposition corresponds to the theoretical value. With the above discussion we 
propose the structure for all complexes are consisting mononuclear molecule in which one copper atom is joined with 
two carbonyl group of the 7-Diethylamino-3-Thenoylcoumarin ligand(L1) and is also bonded to two nitrate ions. 
Thus, in all complexes four oxygen atoms lying on its plane and the two oxygen atoms on its apex. Hydrogen bonded 
network could account for insolubility of complex.  
 
In all complexes, metal atom is coordinated by aryl carbonyl group and carbonyl of lactone ring and bonded with 
two nitrate ions. From TGA of complexes 2(a), 2(b), 2(c) carbonyl group and carbonyl of benzopyrone ring in  5, 7-
dimethoxy-3-(1-naphthoyl)coumarin ligand (L2) bonded to metal atom which also bonded to two nitrate ions in all 
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complexes. The TGA of ligand(L2) showed 72% of ash content, the residue in complexes 2(a), 2(b), 2(c)is equal to 
25%, 18%, 10% of metal oxide content respectively after complete decomposition corresponds to the theoretical value. 
 
HNMR Spectra 
Proton spectra of the compounds recorded at 250MHz in DMSO-d6 confirm the formation of the complex; typical 
chemical shifts of the 1HNMR spectra in DMSO-d6are represented in Fig.4. Different chemical shifts of complexes 
were attributed to coordination occured. Comparison of the 1HNMR spectra of the complex with the ligands L1, L2 
reveals that the resonances are considerably broadened and also shifted on complexation. A well resolved multiplets 
at 7.41δ–7.76δ corresponding to five aromatic protons in L1. In their complexes, these signals were shifted to lower 
field were observed at 7.20-7.48 δ due to complexation. In the ligand L1 we observe the signals at 3.64-4.20δ (ppm) 
assigned to the protons of CH2 - group. These signals are shifted to down field 3.51-3.64 (ppm) because of 
coordination through oxygen of C=O (lactone) .The 1HNMR spectrum of the ligandL1 shows a singlet at 2.4, 7.48ppm 
due to –CH3 group, phenyl ring respectively, which also shifted to lower field in all their complexes. In the 1HNMR 
spectrum of complex1(c) the –CH3is at 2.23 ppm is not significantly changed and aromatic protons signals lowers at 
6.4–6.8 ppm due to complexation. In complexes of L2 ,the peaks shifted to lower field in the range 8.38 ppm(2(a)) and 
8.40 ppm(2(b)) which indicates the lactone C=O involved in coordination. In the complex 2(a), the peak shifted at 8.02 
ppm shows, the coordination through 1-naphthalene C=Ogroup. 
 
Cyclicvotammetry  
Cyclic voltammetry has been used to study a variety of redox processes, stability of reaction products, the presence of 
intermediates in oxidation-reduction reactions, reaction and electron transfer kinetics and the reversibility of a 
reaction. Cyclic voltammetric behaviour of complexes was recorded in the range from +1.2V to -2.0V at a scan rate of 
0.1Vs-1. Complexes of L1 showed oxidation at the potential range 0.3Vto0.8V, reduction at the potential range of - 
0.3V to - 1.5 V and, the reduction process is found to be quasireversible in nature (Fig.5) With the increasing scan 
rates, ∆Ep value also increases and there is a negative shift of the cathodic peak potential with increasing sweep rate 
giving further evidence for the quasi-reversible Cu (II)/Cu(I) couple. 
  
Powder X-ray diffraction 
X-ray patterns of the copper (II) complex 1(b) &2(b) recorded at2θ= 0–70 range. Powder XRD pattern at 2θ value 
indicates the characteristic peaks of metal such as Ni (II), Cu (II), Zn (II) present in complexes were shown. Attempts 
to prepare single crystals were unsuccessful. All the complexes are nano sized powder solids (amorphous). Well 
defined peaks indicate the arrangements of atoms in lattices are regular. The resulted complexes are soluble in DMF 
and DMSO and are decomposed in diluted solutions of all strong acids.  
 
Antimicrobial Studies 
The in vitro antimicrobial activity of coumarin derivatives and their metal complexes were evaluated against gram 
positive, gram negative bacteria and fungi. The activity of complexes was measured by measuring inhibition zone 
observed around the tested material (Fig.6(a & b), Fig7(a & b)). All the metal complexes showed increased zone of 
inhibition compared with their respective coumarin derivatives against bacteria and fungi under study. Complexes 
1(b) and 1(c) were active against both gram positive (staphylococci) and gram negative (E.coli and 
pseudomonousauerginosa) bacteria, whereas Complexes 1 (a) showed lesser activity against both gram negative and 
gram positive bacteria. The antifungal activities test of the coumarins and their metal complexes are studied against 
two fungi species: C.albicans and Aspergillius niger. In both coumarin metal complexes Copper(II) and Zinc(II) 
complexes showed higher activities against two fungi species. Hence, the result of these studies showed that all the 
metal-coumarin complexes are more effective antibacterial-antifungal against tested species. The increased inhibition 
activity of the metal complexes can be explained on the basis of Tweedy’s Chelation theory (Tweedy, 1964). 
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Gel electrophoresis-DNA cleavage study 
The cleavage reaction on Human serum proteins by using Ready-to-use-precast Gel by complexes were performed 
with the agarose gel electrophoresis method and the results were represented in Fig.8  The ability of metal complexes 
to mediate DNA cleavage is well documented. In control experiment using DNA alone, Lane(C) does not show any 
significant cleavage of DNA even after long exposure time. Both ligands (L1 and L2) have slight effect on the 
cleavage of DNA at concentrations up to 40µM. except 1c, all other complexes show significant effect on cleavage of 
DNA. From the observed results, it is concluded that Ni (II) and Cu (II) complexes (1b and 2b) cleave the DNA 
significantly as compared to the other complexes as shown in Fig.8. DNA cleavage effect of different complexes is 
due to binding efficiency of the complexes to DNA 
 
DNA binding study 
UV-Vis absorption spectroscopy is very suitable for interaction studies related to DNA. However, when DNA and 
metal complexes are interacting, a clear change in DNA spectrum absorbance is observed. The intercalation reactions 
caused the hypochromism and /or hyperchromism, red and/or blue shifts of the band. Hypochromism is due to the 
contraction of DNA in the helix axis and changes in the conformation of DNA, while hyperchromism results from the 
damage of the DNA double helix structure. Metal complexes contain labile ligands that can be easily replaced by 
covalent binding to nitrogenous basis of DNA. Complex binds to DNA through covalent binding generally results in 
hyperchromism (increase in absorption intensity).From the Fig.9, it is clearly understood that all metal complexes 
bind to DNA through covalent binding. Hyperchromism results from breakage of secondary structure of DNA due to 
the fact that phosphate group can provide the suitable anchors for coordination with complexes.  

 
CONCLUSION 

The present work focuses on the synthesis, characterization and biological studies of transition metal complexes of 
coumarin derivatives as ligand. The ligands, coumarins act as bidentate, coordinating through carbonyl oxygen. The 
complexes were studied by melting point, conductivity measurements, IR, UV-visible, NMR and ESR spectroscopy. 
The IR and thermal studies confirmed the presence of nitrate ions in the coordination sphere of [M (L1)2(NO3)2],   [M 
(L2)2(NO3)2]. All the complexes have octahedral coordination in which the metal ions are coordinated to ligand 
molecule as bidentate and nitrate ions. Cyclic voltammetry studies of the metal complexes   revealed the semi 
reversible and quasi-reversible one electron transfer redox processes respectively. Antibacterial and antifungal 
activity of these metal complexes reveals that they show better activity when compared to that of the coumarin 
ligands. Antimicrobial study reveals that copper complexes of L1 and L2 have more biological activity than the other 
complexes.DNA binding and cleavage studies showed that all metal complexes have significant activities than the 
coumarin ligand. 
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Table 1. IR Spectral frequencies (cm−1) of Coumarins and their metal complexes. 
 

Ligand/Complex Ѵ(C=O) Ѵ(C=C) Ѵ(C-O) Ѵ(C-O-C) Ѵ(M-O) 

C18H17NO3S             (LI) 1718 1234 1197 1078 ------ 
C36H34NiN4S2O12     1(a) 1620 1234 1196 1075 468 

C36H34CuN4S2O12    1(b) 1618 1232 1194 1074 445 

C36H34ZnN4S2O12    1(c) 1619 1230 1197 1076 446 
C22H16O5                                  (L2) 1730 1225 1200 1045 ----- 
NiC44H32N2O16       2(a) 1652 1236 1199 1044 526 
CuC44H32N2O16      2(b) 1649 1234 1199 1043 451 
ZnC44H32N2O16      2(c) 1618 1236 1197 1041 451 

 
 

                                                                
                                                                      Fig. 1.IR spectrum of Nicomplex, 1(a) 
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                                                         Fig. 2.IR pectrum of Cucomplex, 1(b) 
 

 
Fig. 3. Superimposed thermogravimetric (TG), differential thermogravimetric (DTG) curves for 
Nicomplex, 1(a)under N2 atmosphere; heatingrate:100C/min. 
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                                                   Fig. 4.1HNMR spectrum of Zn complex, 1(a) 
 

 

 

 
Fig. 5. Cyclic voltammogram of Ni complex 1(c) in             Fig.6 a.Antibacterial activity of Ligand(L1) 
DMSO with 0.5 M NBu4ClO4assupporting                          and Complexes 
electrolyte and scan rate of 50mVs-1 
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Fig.6 b. Antibaterial activity of Ligand (L2)                     Fig.7 a. Antifungal activity of ligand(L1)  
and complexes                                                                     and complexes 
 
 
 

 
Fig.7 b. Antifungal activity of ligand(L2)                 Fig.8 DNA Cleavage of serum proteins (30 M)  
and complexes                                                                   by the metal complexes (40 M). From left to right, 
                                                                                      Lane C. Control; Lane 1. DNA + 1(a);  
                                                                                      Lane 2. DNA + 1(b); Lane 3. DNA + 2(c) ;     
                                                                                      Lane 4. DNA + 2(a); Lane 5. DNA + 2(b). 
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Fig.9 Electronic Absorption spectra of Coumarins (L1 and L2) and metal complexes (1a – 1c and 2a- 2c) 
of fixed concentration (15μM) in DMSO at 25oC, with the concentration of DNA as 5μM after 
incubating 15-20 min before the absorption. 
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The past histories have shown that the buildings are susceptible to severe damage during an earthquake. 
The buildings move out of phase and collide with each other during strong earthquake motions which in 
turn lead to collapse of structure causing great human loss and economical loss. Thus to prevent the 
collapse due to colliding of building Indian standards suggests that the minimum separation gap should 
be provided to prevent collision of adjacent buildings. This colliding of two or more adjacent buildings 
with each other during strong earthquake motion is termed as pounding. Adopting of required safe 
separation distance is unrealistic in metropolitan zones because of high land esteem and constrained 
accessibility of area space. Among the possible structural damages the seismic induced pounding is quite 
obvious one. This paper examines the computational study of pounding phenomenon of buildings using 
with dissimilar heights using response spectrum analysis and time history analysis as well as damage 
caused due the pounding. Further pounding was mitigated by adopting shear wall and bracing system 
and analysis was carried out in ETABS software. Proper separation distance was proposed to prevent the 
linear pounding and torsional pounding.  
 
Keywords :  Safe separation distance, Pounding, Response spectrum analysis, Time history analysis 
 
 
INTRODUCTION 

In metropolitan cities buildings are constructed close to each other due to high land esteem and lack of space 
availability. The two adjacent buildings can be used for different operational purposes like one may be used for 
residential purpose and the other may be used for commercial purpose. Two adjacent buildings will never have same 
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dynamic properties due to different loading conditions, different masses, different heights and many other various 
reasons. Due to different dynamic properties adjacent buildings collides with each other during strong earthquake 
motion or any other strong vibrations and causes collapse which in turn causes economical and human loss.To 
prevent the colliding of adjacent building Indian standard code of building practices suggests separation distance 
should be adopted. This colliding of adjacent buildings during strong earthquake motions caused due to insufficient 
separation gap is termed as pounding. For long span buildings expansion joints are implemented at proper intervals 
to connect the different units of same building, if the joint provided is improper building may have chance to pound. 
 
Pounding is most commonly observed effect during a seismic activity. Pounding damage was observed in El Centro 
earthquake (1944),Mexico City Earthquake (1985), Sequenay earthquake (1988), Loma Prieta Earthquake (1989), Cairo 
Earthquake (1992), Kobe earthquake (1999). Mexico City earthquake (1985) that struck Mexico City causing an 
unusually large number of building failures, in some of which pounding appeared to have played a primary role. In 
chi-chi earthquake (1999) Structural pounding damages caused in central Taiwan (4 Jeng-Hsiang Lin et.al. 2002). In 
Christchurch earthquake (2011) around 6% of building were damaged due to pounding which was surveyed by 
Central Business District (CBD) (5 G.L. Cole et.al., 2012). 
 
Many researches have been carried out on pounding due to past earthquakes. Because of insufficient gap between 
adjacent buildings pounding could have worst damage in earthquake (6 Shehata E. Abdel Raheem 2006). Impact 
force decreases with the increment of separation gap (7 Bipin Shrestha 2013). Buildings with different floor levels, 
different dynamic properties, and raw buildings damage more due to pounding (8 Chandra Sekhara Reddy et. al. 
2014). The simplest way to mitigate pounding is to provide proper separation gap between adjacent buildings. But it 
is unrealistic to provide sufficient gap due to high land value. Most of the word regulations do not take pounding 
into account. Argentina, Australia, Canada, France, India, Indonesia, Mexico, Taiwan and USA codes specify the 
minimum distance between adjacent buildings. Among all countries codal provision safe separation distance is 
higher in FEMA: 273-1997 and NBC PeruE030-2003 (9 Chenna Rajaram et. al., 2012). 
 
Different mitigation practices like constructing new reinforced concrete (RC) walls, Cross bracing system, Combined 
RC walls and bracing, Dampers, Combined system of RC walls and dampers, Combined system of bracing and 
dampers can be used in practice to reduce pounding effects. In mitigation techniques X cross bracing system is more 
effective in reducing the lateral displacement in all bracing systems. (10 Ravindranatha et.al. 2016). Mitigation of 
pounding in existing structure was done in two adjacent six story R/C frame buildings sited in Pordenone using a 
pressurized fluid viscous (FV) dampers as protective devices (11 S. Sorace et. al. 2013). Collision shear wall is also 
beneficial technique deliberated for pounding mitigation (12 S.A. Anagnostopoulos et.al. 2008). Displacement of 
building can be greatly reduced by adopting shear walls (13 Khaja Afroz Jamal et. al., 2013).  
 
Required Seismic Separation Distance to avoid Pounding 
As per the bureau of Indian standards, IS 4326,1993, “Indian code of practice for earthquake resistant design and 
construction of buildings” states that the safe separation distance of adjoining structures or parts of same structure 
is required for structures having different total heights and different dynamic characteristics. This is to avoid 
collision during an earthquake. The codes mentioned the gap width as shown in the Table No.1.(3 IS 4326, 1993).As 
per IS 1893-2002, “Indian standard criteria for earthquake resistant design of structures,     part 1 general provision 
and building”, it states that the two adjacent buildings or two adjacent units of the same building with separation 
joint in be between shallseparate by a distance equal to the amount R times the sum of the calculated storey 
displacements, to avoid damaging contact storey’s when the two units deflect towards each other. When floor levels 
of same adjacent or similar building are at the same elevation levels, factor R in this requirement may be replaced by 
R/2 (1 IS 1893-2002). 
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Occurrence of pounding damage 
Seismic pounding between two adjacent buildings occur due inadequate  separation gap to which high intensity of 
earthquake strike and due to different dynamic characteristic loading and structural pattern of adjacent buildings, 
building vibrate out of phase. Pounding led to non-structural damage to the buildings like cracks to masonry walls to 
severe damages till collapse of the building. 
 
Objective  
The fundamental scope of this paper is to examine pounding effect, to find out the pounding force between the 
building of different heights, to evaluate the separation distance to prevent torsional pounding and to analyze the 
structure by adopting RC shear wall and steel bracing system. The pounding force is evaluated when the floors of 
adjacent buildings are at same level but buildings with different height. Response spectrum analyses and time history 
analyses was carried out using ETABS software. 
 

MATERIALS AND METHODS 

This paper examines the behavior of reinforced concrete structure under linear static analysis, response spectrum 
analysis and time history analysis using ETABS software. Seismic pounding of G + 6 and G + 8 buildings are 
analyzed for displacement and pounding force aspects. Besides structure response with addition of shear wall and 
bracing system are also studied. For time history function El-centro earthquake data is considered for Table No.2. 
 
Gap element Model 
With a specific end goal to watch pounding between adjoining structures, buildings are connected by clear gap of 
different distance by gap element link. The principle reason to adopt gap element is to assess the impact force of 
pounding between two adjacent buildings. This gap element becomes active when two adjacent building approach 
each other. The stiffness of the gap element is generally adopted as 102 to 104 times the stiffness of the adjacent 
connected element. 
 
Details of structure 
Response spectrum analysis and time history analysis were carried out for following cases- 
Combined 3D model has been created of G + 6 and G + 8 building using ETABS. Building 1 is 8 storey building 
having 3 numbers of bays in X and Y direction. Width of bays in X direction are 5m, 4m, 5m respectively and in Y 
direction are 4m, 5m, 4m respectively. Building 2 is 6 storey building having 3 numbers of bays in X and Y direction. 
Width of bays in X direction are 4m, 3m, 4m respectively and in Y direction are 4m, 5m, 4m respectively. Height of 
each storey in both the building is 3.2m and with slab thickness of 150mm. Grade of concrete used is M25 and grade 
of steel is FE415. Gap elements are between two buildings at floor levels shown in Figure No.1. 
 
Case no.1- Structure with gap elements only 

Case no.2- Structure with gap elements and bracing system 
In this case X cross bracing are adopted along X direction in the 1st and 3rd bay of size 250mm x 250mm RC bracing of 
M25 grade as shown in Figure No.2 . 
 
Case no.3- Structure with gap elements and shear wall 
In this case 230 mm shear wall is adopted in the middle core of both the buildings as shown in Figure No.3. 
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Loads assigned and load combinations 
TABS software auto assigns the self-weight of the structural elements and the various load combinations. Table No.3 
shows the loads assigned on the G + 6 and G +8. 
 
Response Spectrum Analysis 
Due to the different dynamic property of the two buildings, the structures will have out of phase movement and the 
two buildings will collide with each other if the separation distance is inadequate than as per specified in the code (1 
IS 1893-2002). Response spectrum analysis of three models is carried for zone V is specified as; 
Zone factor (Z) =0.36 
Importance factor (I) = 1 
Response reduction factor (R) = 3 
Sa/g = 1.62 
 

RESULTS AND DISCUSSION 

Safe separation distance to prevent linear pounding 
As per IS 1893-2002 the safe separation gap between two adjacent building units to be provided to prevent pounding 
effect is 350mm. Initially the building are modeled and analyzed using ETABS software and by adopting a gap of 
100mm.The results in terms of displacement are shown Table No 4 and displacement graphs for different models 
shown in Figure No 4,5,6. 
 
As per SRSS (square root of sum of squares) method the safe separation gap should be 

2 2 ( )a bS U U SRSS   

where, 
Ua, Ub = Maximum displacement of each of adjacent buildings. 
 
Safe separation gap 

i. for bare frame=160mm 
ii. for bracing system=108mm 

iii. for shear wall model=101mm 

Safe separation distance to prevent torsional pounding 
Even though the separation gap was provided as per the IS 1893-2002 i.e. 350 mm it is observed that it could prevent 
linear pounding but torsional pounding could occur. The 3D view and plan view representing the torsional collision 
phenomenon for all three model for different modes are shown in figure No 7,8,9. 
 
In order to prevent the torsional pounding effect in all the three models the separation distance was increased and a 
safe separation distance to prevent torsional pounding was found out and is mentioned in Table No.5 
 
Axial force in gap element link 
The force in the gap elements for the 6th, 5th and 4th floor were found out for each of the model and are shown with 
the help of graph in figure No.10. 
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CONCLUSION 

This study concludes that pounding would occur for a separation distance of 100 mm. So by adopting proper safe 
separation distance as per IS 1893-2002 linear pounding was prevented but it could not prevent torsional pounding. 
To reduce the displacement of bare frame bracing system and shear wall is installed. Further to account for the 
torsional pounding, the separation distance was increased subsequently and various safe separation distance for each 
of three models i.e. bare frame, bracing system, shear wall are stated. The best system to prevent torsional pounding 
is providing bracing system than providing shear wall in the middle core of the building since the gap required for 
bracing system is less than that of required for shear wall.       
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Table1. Pounding Gap for Various Structures 
 

Sr. No. Type of construction Gap width/storey in mm for design 
seismic coefficient  (αh=0.12) 

1 Box system or frames with shear walls 15 
2 Moment resistant reinforced concrete frame 20 
3 Moment resistant steel frame 30 

Note: minimum total gap shall be 25mm for   any other values of αh, the gap element width shall be determined 
proportionately. 
 
Table2. Dimensions of Structural Component of Two Building Structure 
  

Building G + 8 G + 6 
Beam dimension 300 mm x 500 mm 

 
300 mm x 450 mm 

 
Inner column dimension 

 
500 mm x 500 mm 

 
450 mm x 450 mm 

 
Outer column dimension 

 
450 mm x 450 mm 

 
400 mm x 400 mm 

 
 
Table 3.Various Loads Assigned on the Structural Model 
 

Building G + 8 G + 6 

Live load 3 KN/m2 
 

2.5 KN/m2 
 

Roof floor 
 

1.5 KN/m2 
 

1.5 KN/m2 
 

Floor finish 
 

1 KN/m2 
 

1 KN/m2 

Weathering course on roof 
 

1 KN/m2 
 

1 KN/m2 
 

Load due to 230 mm thick wall 
 

14 KN/m2 
 

14 KN/m2 

 
Table 4. Maximum Positive And Negative Displacement Of G + 6 And G + 8 Structure With Different 
Types Of Models 

Building Displacement (mm) G + 6 G + 8 
Bare Frame +ve 105 mm 120 mm 

-ve 100 mm 100 mm 
Bracing system +ve 42 mm 85 mm 

-ve 50 mm 95 mm 
Shear wall +ve 43 mm 79 mm 

-ve 45 mm 90 mm 
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Table No 5. Safe separation gap to prevent torsional pounding 
 

Sr No. Model type Safe separation gap (mm) 
1 Bare frame model 800 
2 Braced system model 540 
3 Shear wall model 650 

 

 
 

Figure 1. Plan view and elevation view of bare frame with gap element in between them 
 

 

 Figure 2. Elevation view of bracing model                            Figure  3. Plan view of shear wall model 
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Figure 4. Displacement graph of G + 6 and G + 8 bare frame model 
 

 
 

 Figure 5. Displacement graph of G + 6 and G + 8 braced model 
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 Figure 6. Displacement graph of G + 6 and G + 8 shear wall mode 
 
 
 

 
 
                Figure 7. Plan view and 3D view showing torsional pounding of bare frame system 
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Figure 8. Plan view and 3D view showing torsional pounding of braced system model 
 

 

 
 

Figure 9.Plan view and 3D view showing torsional pounding of shear wall model 
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                                                   Figure No 10. Axial force in the gap element 
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The study intends first to investigate that after giving a proper input of literature, does the performance 
of the students change (in terms of improving LSRW skills and developing an interest in literature?) For 
this the students had a regular class of one hour daily including literary texts and BEC handbooks. 
Students were examined at the initial level before these classes and assessed again after a period of six 
months to find out if there is a significant difference in their performance. Students were assessed 
through certified exams like BEC and iTEP. The investigator, being a certified and trained Cambridge 
Examiner, assessed the students at the initial level on her own abiding by the set norms of these 
examinations and conducted the standard exams of BEC and iTEP again after a period of six months to 
find out the differences. The study is primarily focused on the students of Jaipur, Rajasthan who belong 
to different colleges of Jaipur i.e. JECRC college, Sitapura, UDML, Kukas and JECRC University, Jaipur. 
 
Keywords : EFL, Pedagogy, experimenting, English language teaching, BEC, iTEP, literature 
 
 
INTRODUCTION 

Teaching and learning are two different theories which are conjoined on the grounds of pedagogy as the theory of 
teaching comes from the theory of learning. That is why these two terms build up a cross-way, but each way is 
supposedly approached differently by its respective practitioner; learning part by learners but teaching part by 
teachers. Such interdependence of these different perspectives might be the source of pedagogical achievements and 
thereby the major motive behind the conduct of this study.Felder and Brent claim that “Learning begins when you, 
the teacher, learn from the learner. Put yourself in his place so that you may understand what he learns and the way 
he understands it”[1].The statement asserts that learners have different skills, strategies, and styles from those of their 
teachers. Some of them are visually-oriented, some learn by experimenting, while others prefer to learn by working 
in groups. Similarly, the teaching style of teachers is supposed to be different. Some teachers are excellent, some teach 
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mainly through demonstration; others are more comfortable with theories and abstractions, while some others may 
resort to their own specific styles of various types in their career. 
 
Felder and Henriques (1995) define learning styles as "The ways in which an individual characteristically acquires, 
retains, and retrieves information"[2]. They are durable ways of approaching a learning situation which are not 
usually amenable to change. On the contrary, the term teaching style, according to Conti[3](2004), refers to the 
distinct qualities displayed by a teacher that are consistent from situation to situation regardless of the subject matter. 
Felder[4](1993) argues that teachers' teaching style reflects either their own learning styles or the way they were 
taught in college classes given these points, the major challenge would be what happens when the learners are 
confronted with a teaching process which is in contrast with their preferred learning style? 
 
The pedagogy needs to be altered with time keeping in mind the level, language skills and mindsets of students. As it 
has been an incessant and continuous tradition in the Asian countries, especially North India, of communicating in 
the National language whether the context is official or unofficial and that has been the reason of keeping less interest 
in communicating in English. Thus to improve their efficiency in the foreign language, English, it was thought of as 
an experimental task to teach English Literature to EFL students of non-litearture background so as to assess whether 
the students actually develop interest in literature and learn the language in a better way.  
 
Purpose and settings of the study 

The study intends first to investigate that after giving a proper input of literature, does the performance of the 
students change (in terms of improving LSRW skills and developing an interest in literature?). The study was 
performed to find out whether the literary competence of students assist them to acquire more positive response to 
the literary texts and also to find out if the students have developed the skills of experiencing the world created by 
and within the literary texts. Also it was intended to find out whether there is an impact of literature on the growth 
and development of students in terms of applying the LSRW skills in real life situations. For this the students had a 
regular class of one hour daily including literary texts and BEC handbooks. Students were examined at the initial 
level before these classes and assessed again after a period of six months to find out if there is a significant difference 
in their performance. Students were assessed through certified exams like BEC and iTEP. The investigator, being a 
certified and trained Cambridge Examiner, assessed the students at the initial level on her own abiding by the set 
norms of these examinations and conducted the standard exams of BEC and iTEP again after a period of six months 
to find out the differences. The study is primarily focused on the students of Jaipur, Rajasthan who belong to 
different colleges of Jaipur i.e. JECRC college, Sitapura, UDML, Kukas and JECRC University, Jaipur. 
 
Participants  

The participants of this study consisted of 230 college students and their ages ranged from 18 to 22 with the average 
of 20. The heterogeneous groups or participants of this research consisted of girls and boys from all sorts of academic 
backgrounds. New methods and the activities related to ELT with the use of literature were applied. At the time of 
data collection, they had studied English as a foreign language and their English level was lower, and during the data 
collection period they had one hour of sessions every day. 
 

MATERIALS AND METHODS 

Instruments 

In order to collect data, the instruments used in this study were some literary texts,  BEC Handbook (Business 
English Certificate by Cambridge University), BEC Examinations and ITEP examinations which are a qualification at 
intermediate and pre-intermediate levels recognized by educational institutions as well as other sectors, and shows 
that a person can deal with everyday English at these levels. BEC helps students to find out their strength and 
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weakness in listening, speaking, reading and writing. It provides real situations in which students can use English. 
Reading skills, such as skimming and scanning are tested. Students are expected to understand different kinds of 
texts such as public notices and signs, packaging information, communicative messages (e.g. notes, emails, 
postcards); read texts (e.g. from journals, websites, leaflets, newspapers and magazines) of a factual nature and show 
understanding of the structure of the language, as it is used to express notions of relative time, space, possession, etc.; 
scan factual material for information in order to perform relevant tasks, disregarding redundant or irrelevant 
material; read texts of an imaginative or emotional character and appreciate the central sense of the text, the attitude 
of the writer to the material and the effect the text is intended to have on the reader. 

Details about BEC and ITEP examinations 
Define abbreviations and acronyms the first time they are used in the text, even after they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be defined. Do not use 
abbreviations in the title or heads unless they are unavoidable. 
 Business English 

         Cambridge English Language Assessment is the part of the University of Cambridge and has been providing 
English Language assessments and qualifications for over 100 years. The exams referred to in are BEC exams 
which are of three different levels, B1, B2 and C1 with the names, BEC Preliminary, BEC Vantage and BEC Higher. 

 CEFR (Common European Framework of Reference)  

The CEFR describes language ability on a scale of levels from A1 for beginners up to C2 for those who have 
mastered a language. This makes it easy for anyone involved in language teaching and testing (learners, 
teachers, teacher trainers, etc.) to see the level of different qualifications. It also means that employers and 
educational institutions can easily compare qualifications and see how they relate to exams they already know in 
their own country 
 

iTEP, one of the globally recognized English certification, is a USA based company established in 2007, specialized in 
online English language proficiency assessment & on demand training.  

iTEP is an English certification accredited by Ministry of HRD, Govt. of India, the Academic Credentials Evaluation 
Institute (ACEI) & Accrediting Council for Continuing Education & Training (ACCET) & Teachers of English to 
Speakers of Other Languages (TESOL). 

There are four iTEP exams[5] 

iTEP Academic is used by colleges, universities for admissions purposes.  

iTEP SLATE evaluates high school, secondary school, and middle school students, and is used by boarding schools 
and academies[6]. 

iTEP Business measures the English skills needed for a work environment. It is used by companies to screen new 
hires, make decisions about promotions and assignments, and evaluate English training programs[7]. 

iTEP Hospitality measures the English skills necessary to work at restaurants, hotels,  resorts, and cruise lines that 
serve English speakers. The test lasts 30 minutes and evaluates speaking and listening. It is typically administered 
onsite by an employer for hiring and promotional decisions[8]. 

iTEP Academic, SLATE, and Business each have a "core" version and a "plus" version. The "core" versions are 
Internet-based, last 60 minutes, and test reading, grammar and listening.The "plus" versions last 90 minutes in total 
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and also test writing and speaking, requiring the test taker to submit writing and speaking samples via computer. 
Results are available instantly on the multiple-choice "core" sections, and the speaking and writing results are graded 
in 5 business days. The "plus" exams retail for $99USD and can be scheduled within 3 days, making iTEP one of the 
most flexible and least expensive options among its competitors, which include TOEFL and IELTS. Institutions and 
businesses administering iTEP exams on-site receive discounted rates[9]. 

Procedures 

The materials were given to students during their classes. The aim of this was to motivate them for individual 
reading of literary texts, and towards independent self-reading[10]. These full-length texts are: “Pied Beauty” and 
“To Christ our Lord” by G. M. Hopkins; “Success is Counted Sweetest” by Emily Dickinson and “The Gift of Magi” 
by O. Henry.A pre-experimental reading and writing paper format of a BEC and iTEP test was given to them. During 
the experimental study poems and short stories were introduced because short stories are often ideal ways of 
introducing students to the literature in the foreign language classroom and poems direct the students to think in 
their own unique ways.  
 
During reading comprehension exercises such as pre-reading questions, true or false questions, who said what 
questions, and what-comes-next questions were included in reading activities. In short, the characters, the plot, 
language, and topic issues were dealt with reading activities. After reading, types of activities were differed. For 
writing, activities such as writing a summary or a recommendation, re-writing the story from a character's point of 
view or a letter to a character were included; for speaking, activities such as role-plays, dramatization or interviewing 
with the characters were included. Also students were asked to analyze the given poems stylistically so as to generate 
interest in literature[11]. Also projects such as drawing illustrations, preparing a series of pictures for comics, or 
posters were included.  
 

RESULTS AND DISCUSSION 

According to the data obtained and showed in various Tables 1,2 below, the results were better than expected. It is 
shown that experimental application has contributed better to academic success of the students in the examinations 
held by ITEP and BEC. It can, therefore, be claimed that the experimental application has affected the academic 
success of the students positively, at a significant level. In the Figures 1,2 below, findings about the differences in 
academic success of the students after the experiments are summarized.Our results suggest that the use of 
literature[12] in ELT increases the motivation of students at university level. We have identified that the performance 
of students studying English[13] through literature was better than studying English without literature[14]. Also the 
use of literature[15] in ELT improved students’ writing performance and positively affected their attitude[16] to both 
reading and language learning. 
 
We observed that literature should be included in ELT classrooms[17] as a complement to curriculum because it 
provides comprehensible input[18] necessary for the English language acquisition and develops the students’ 
abilities[19] , as students may build new vocabulary as well as they expand their understanding[20] of words they 
already know (Ono, Day & Harsch, 2004).In summary, our study reveals that the use of literature[21] in ELT 
classrooms may motivate[22] students better than abridged and simplified reading passages in students’ course 
books. The results show the motivational effects[23] of the use of literature in ELT, so literature can be used as a 
positive stimulation to motivate students, and a good means to improve reading and writing skills[24]. In our study 
it is also proved that especially short stories are ideal[25] literary means for classroom usage[26]. Our results imply 
the importance of the use of literature in ELT[27], and that literature should be part of teaching-learning process. We 
had this study in Jaipur, Rajasthan and got positive results about motivation, and reading-writing[28,29] in ELT; 
however, further research should explore the issue in a different country, and with students at different levels. 
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Table 1: iTEP  
There were a total of 230 students who appeared for iTEP tests and the results are as follows: 
 

 Before After 
Advanced 5 17 

Upper 
Intermediate 

17 70 

Intermediate 33 37 
Elementary 116 64 

Beginner 59 42 
 

Table 2: BEC (Business English Certificate) 
The students also appeared for BEC and the results are: 
 

 Before After 

                Vantage A 0 2 
Vantage B 3 5 
Vantage C 8 11 

Preliminary B1 12 5 
 

 
 
                     Figure 1. Findings about the differences in academic success of the students ( iTEP tests    
       and the results) 
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Figure 2. Students also appeared for BEC 
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Now-a-days people are widely using herbal medicines. Triphala is a traditional Ayurvedic herbal 
formulation (medicine) for this preparation we are using three plant fruits namely Amla, Haritaki and 
Vibitaki in equal proportions, before using this materials for formulation we have evaluated 
Physicochemical parameters. Preliminary phytochemical analysis and quantitative estimation of Active 
Marker. In physicochemical parameters we observed total ash content of Amla (6.13) was high, in 
Vibitaki acid insoluble ash (3.9) and alcohol soluble extracts (9.76) are very low. In Preliminary 
phytochemical analysis Haritaki showed higher presence of secondary metabolites. The aim of present 
investigation Gallic acid was taken as Active marker because this compound is unique in three fruits. by 
using validated in house Thin Layer Chromatographic method we concluded that retention factor value 
of Gallic acid was 0.27 and quantity estimation of Gallic acid was evaluated by validated High pressure 
liquid chromatographic method in this method we are used C-18 column Photo diode array detector, the 
quantity of Gallic acid was high in Amla (3.40%) compared with other two fruits in Haritaki (0.80%) 
contain low quantity of Gallic acid compared with Amla and Vibitaki (1%)  
 
Keywords : Gallic acid, Amla, Haritaki, Vibitaki, Thin Layer Chromatography, High pressure liquid 
chromatography 
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INTRODUCTION 

Gallic acid is a poly phenolic compound and it is more active constituent of Indian medicinal plant fruits of Amla 
Haritaki and Vibitaki Gallic acid (3, 4, and 5 - Trihydroxy benzoic acid) is a poly phenolic compound and possesses 
an antioxidant property. Gallic acid content is more in fruits of Amla, Haritaki and Vibhitaki and it acts as a marker 
for controlling the quality of the product [1].Gallic acid and its derivatives have neuroprotective effects with free 
radical scavenging effects [2]. 

 
Structure of Gallic acid 

The fruits of Amla, Vibhitaki and Haritaki are used widely in the Ayurvedic herbal formulations.  These are rich 
sources of vitamin-C, vitamin-A and vitamin-B complex. They are used as laxative, digestive and expectorant. The 
mixture of Amla (Phyllanthus emblica Linn.), Haritaki (Terminalia chebula) and Vibitaki (Terminalia belerica) three fruits 
of medicinal herbsin equal proportions is termed as ‘Triphala’[3].The fruit of Amla is rich in nutrition and contains 
minerals and vitamins. Amla protects cell against free radical damage and provides antioxidants protection [4]. 
Triphala has been integral cornerstone of Ayurvedic medicine before 16th century A.D.  Triphala is the most widely 
revered herbal formula for supporting gastrointestinal wellness, cures diabetes, leprosy, Laxative, good for eyes, 
improves taste and cures intermittent fevers [5].Amla contains hepatoprotective and antiatherosclerotic 
property[6].Vibhitaki was traditionally used to clear excess fat and bile from the system, as well as to enhance the 
appetite[7]. The effect of Vibhitaki is partly due to Gallic acid which exhibits antioxidant effects. [8].Haritaki is used 
as intestinal cleansers and it is used both for occasional constipation and diarrhea, its action is due to the astringent 
properties of its tannic and Gallic acid[9]. 
 
The aim of the present investigation was isolation and quantity estimation of Gallic acid content in fruits of Indian 
Medicinal plants was determined by using Thin Layer Chromatography (TLC) and High Performance Liquid 
Chromatography (HPLC). 
 

MATERIALS AND METHODS 

Amla(Phyllanthus emblica Linn.), Haritaki(Terminalia chebula) and Vibitaki (Terminalia belerica)collected from 
commercially, All solvents and reagents are AR and HPLC grade obtained from SLR, Standard Gallic acid compound 
purchased from Natural remedies From India.  
 
Sample and standard preparation   
For TLC system, Take 4g of plant material individually in three conical flasks, add 40 ml methanol and keep aside it 
for 24hrs at room temperature, after concentrate remove the mark and fractionate with chloroform then take 
chloroform fraction made up to 10 ml. For Reference standard, Take 1 mg of Gallic acid in 1 ml Analytical grade 
methanol this solution becomes 1000 ppm. For HPLC Weigh accurately about 1g of Amla powder in 100mL 
volumetric flask. Add 40mL of Hot HPLC Grade water then sonicate for 10 minutes and cool, and make up the 
volume to 100mL with HPLC Grade Water. Mix well and filter the solution through 0.45μ membrane filter paper. 
Reference preparation is take 0.1mg/ml of Gallic acid in HPLC Grade Water.  
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Physicochemical parameters  
Physicochemical properties of plant materials like moisture, water soluble extract, Total Ash, Acid insoluble ash, and 
Alcohol soluble extract were determined as per the Ayurveda Pharmacopeia guidelines[10]. 
 
Phytochemical parameters 
Preliminary phytochemical analysis of selected three Plant fruits performed their methanolic extract. We carried out 
presence of alkaloids, sugars, flavonoids, phenols, saponins, steroids, and terpenoid. By using various(selected) 
testing methods [11,12]. 
 
TLC Method for Gallic acid  
The sample solution 20μl and reference Gallic acid was applied on TLC Aluminum plate precoated with silica gel 60 
F254 of 0.2 mm thickness. The plate was developed in Methanol: Chloroform (6: 4 v/v). After drying the plate there 
was no absorbance in UV 254 and 366 nm. After the plate was dipped in Vanillin – Sulphuric acid and heated on hot 
plate at 1050 C till the spots appeared. 
 
HPLC method for Gallic acid  

Chromatographic condition: 
Column:  Hibar, Prepacked column, LiChrospher 100, RP-18e (5µm) (Merck) 
                  Phenomenex-Luna 5µ C-18(2) Size: 250×4.60mm, 
Detector: Photo diode array detector  
Wave length: 270 nm 
Flow rate:1.5ml/min 
Injection volume: 20µl 
 
Mobile phase 
In mobile phase system solvent-A was dissolved in 0.136 g of anhydrous potassium dihydrogen orthophosphate 
(KH2PO4) in 900 mL of HPLC grade water and then add 0.5mL of orthophosphoric acid. Make up to 1000 mL with 
water, filter through 0.45 μ membrane and sonicate it for 3 minutes and Solvent-B was Acetonitrile, Gradient 
Programming of the solvent system was initially at 95%A. Changed to 55% at 18.0 min maintained 2.0 min, changed 
to 95% A at 25.0 min. 
 

RESULTS AND DISCUSSION 

Physicochemical properties 
Physicochemical parameters of Amla Haritaki and Vibitaki are tabulated in Tabel No 1. All results are under limits 
which are taken from Ayurveda Pharmacopeia. The loss on drying at 105o c three plant materials not showed much 
variation, total ash content which indicate the purity of material, in Amla dried Fruits moisture (6.13) is more than 
other two plant materials, Acid insoluble ash was evaluatedsiliceous matter in plant material and alcohol soluble 
extract shows active constituents of secondary metabolite, in Vibitaki acid insoluble ash and alcohol soluble extracts 
are very low  Compared with Amla and Haritaki as well as Haritaki shown higher value and water soluble extract 
indicate presence of mineral content the yield of water extract was high in Haritaki. 
 
Phytochemical properties 
Preliminary Phytoconstituents are described in Tabel No 2. The methanolic extract of haritaki shown rich source of 
phytochemicals compared to Amla and Vibitaki, In Amla Steroid, Terpenoid and Saponin are not present, in 
methanolic extract of Vibitaki shown Presence of Alkaloid, Flavonoids and Tannin.   
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Quantitative estimation of Gallic acid  
The fruits of Amla, Haritaki and Vibitaki was Isolated by TLC are tabulated in Table No. 3.  The isolation of Gallic 
Acid was determined by Validated In house process method.  The Rf value of the three different fruits i.e. Amla, 
Haritaki and Vibitaki was0.27 which is an unique value. The quantity estimation of Gallic Acid was determined by 
Validated In house process method.  The quantity estimation of Gallic Acid in Amla was more 3.40% compare to 
Haritaki and Vibitaki, whereas, in Haritaki the quantity of Gallic Acid was less 0.80% compare to Amla and Vibitaki 
and the quantity estimation of Gallic Acid in Vibitaki was 1%.  
 

CONCLUSION  

In present investigation we evaluated Physicochemical, Phytochemical and Gallic acid in three different Indian 
medicinal plant fruits Amla, Haritaki and Vibitaki, The Results of Physicochemical Parameters are within in the 
limits as per Ayurvedic Pharmacoepia so this three plant fruits are used for herbal formulation. In Phytochemical 
analysis for this three fruits we performed Alkaloids, Flavonoids, Steroid, Tannin, Sugar, Terpenoid and  Saponin 
Tests and we observed presence and absences of this secondary metabolites, by using thin layer chromatography we 
conclude that Gallic acid was present in Amla, Haritaki and Vibitaki and the Rf value of Gallic acid was 0.27, Gallic 
acid was evaluated by using High pressure liquid chromatography and respective quantity of Gallic acid in 
Amla(3.40), Haritaki(0.80), and Vibitaki(1)  
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Table 1: Physicochemical Properties 
 

Physicochemical Parameters 
S.No. Test Amla Haritaki Vibitaki 

1 Loss on Drying (%) w/w 5.6 5.2 5.96 
2 Total Ash Value (%)w/w 6.13 3.4 3.9 
3 Acid insoluble ash(%) w/w 1.03 3.9 0.83 
4 Alcohol soluble extractive(%) w/w 42.5 46.5 9.76 
5 Water soluble extractive(%) w/w 52.7 62 39.6 

 
Table 2: Phytochemical Properties 

 
Phytochemical parameters 

S.No. Natural Product Test performed Amla Haritaki Vibitaki 
1 Alkaloid Dragendorff’s test + Ve + Ve + Ve 
2 Flavone Shinoda test +Ve + Ve + Ve 

3 Steroid 
Liebermann-Burchard 

reagent -Ve + Ve -Ve 
4 Tannin Neutral FeCl3 +Ve + Ve + Ve 
5 Sugar Molisch’s test +Ve + Ve -Ve 
6 Terpenoid Noller’s tes -Ve + Ve -Ve 
7 Saponin NaOH solution -Ve + Ve -Ve 

 

Table 3: Isolation and Quantity Estimation of Gallic Acid 

S.No. Plant name Quantity TLC Rf Value 

1 Amla 3.40% 0.27 

2 Haritaki 0.80% 0.27 

3 Vibitaki 1% 0.27 
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             Fig 1: Chromatograms of Gallic acid in Amla, Haritaki and Vibitaki Fruit’s 

 

 
 
                                                                                 Fig 2: TLC for Gallic acid 
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Cows that fail to transition successfully into lactation are vulnerable to a host number of problems which 
occur just after the calving. Further consequences in the early lactation period include, lowered milk 
production, Immunodepression and compromised reproductive performance. Dry matter intake (DMI) 
starts to decrease a few weeks before parturition with the lowest level occurring at calving. During the 
dry period, energy and protein requirements are lower, as there are no needs by the udder for milk 
production. Generally, dairy cows require around two times more energy for milk production than 
maintenance with a progress in the lactation period. Cattle have the ability to compensate for deficits of 
food energy through the mobilization of adipose reserves.Most of the fat soluble antioxidant vitamins 
such as retinol, α-tocoferol and β-carotene decrease at the time of parturition are reported to be associated 
with several health problems. The optimal body condition score for a dry cow is 3.0-3.25 and the cows 
that were conditioned at BCS-3 had higher feed intake coupled with peak milk yield. Lymphocytes play 
an important role in the mammary gland defense through secretion of lymphokines and antibodies, 
which facilitate the destruction of microorganisms. Dry cow therapy is the treatment of cows at the end of 
lactation with a long acting antibiotic preparation with or without a teat sealant. 
 
Keywords : Dry matter intake, α-tocoferol, β-carotene, Dry cow therapy, antioxidant. 
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INTRODUCTION 
 
The transition period, 3 weeks before to 3 weeks after parturition (Grummer, 1995) is considered as a critical 
determinant of productivity and profitability in dairy farming. This includes Close up dry cows (3 weeks prepartum 
to calving), maternity cows (2-3 days around calving) and fresh cows (calving to 3 weeks postpartum). During this 
span, animal enters from a pregnant non-lactating to lactating non-pregnant state, which is accompanied with several 
physiological and biochemical changes exerting stress to animals and thus making them more susceptible to various 
metabolic and infectious diseases (Goff and Horst, 1997, Mallard et al., 1998) resulting in monetary losses to dairy 
farmers. These economic losses, associated with poor peripartum management are reflected in suboptimal milk 
production, diminished reproductive performance, increased morbidity, mortality, treatment cost and involuntary 
culling. Therefore, periparturient management is a critical determinant of productivity and profitability of dairy 
farming.  
 
Why Transition period - A challenging phase? 
Cows that fail to transition successfully into lactation are vulnerable to a host number of problems which occur just 
after the calving. Further consequences in the early lactation period include, lowered milk production, 
Immunodepression and compromised reproductive performance. Therefore, it is important for the animal’s 
productivity and welfare so that, it do not succumb to production diseases. The variations that occur in animals 
during the transition period include: 
 
Inadequate feed intake during transition period  
Dry matter intake (DMI) starts to decrease a few weeks before parturition with the lowest level occurring at calving. 
During the dry period, energy and protein requirements are lower, as there are no needs by the udder for milk 
production. In the last trimester of pregnancy, the fetus grows enormously exerting pressure on the rumen and 
sending negative signals to the satiety centre of hypothalamus on voluntary feed intake. The reduction of feed intake 
at the end of pregnancy may also be due to the decreased plasma estradiol concentration (Grummer, 1995) and 
presence of clinical or subclinical diseases. As the parturition approaches the dry matter intake of the animal reduces, 
thus it provides the possibility for getting into negative energy balance (NEB) which may occur already before 
calving. Generally, dairy cows require around two times more energy for milk production than maintenance with a 
progress in the lactation period. But, as per the NRC (2001) recommendations the dry matter intake and nutrient 
requirements are constant for the entire non-lactating period. It unveils that the cows are in negative energy balance 
during the final week of prepartum (Roy et al., 2014). 
 
Reduced Body weight and Body condition score  
Cows experience negative energy balance so often, due to restricted nutrient supply and consequently becomes 
metabolically stressed. Cattle have the ability to compensate for deficits of food energy through the mobilization of 
adipose reserves. This situation leads to the β-oxidation of body fat reserves, declining the fat depots and so the body 
weight along with Body Condition Score (BCS). The optimal body condition score for a dry cow is 3.0-3.25 and the 
cows that were conditioned at BCS-3 had higher feed intake coupled with peak milk yield (Sharad et al., 2016). 
Further, a few adaptations occur in the animal’s body include increased hepatic gluconeogenesis, reduced use of 
glucose by peripheral tissues, increased mobilization of non-esterified fatty acids (NEFA) from adipose and increased 
use of NEFAs by peripheral tissues (Bell, 1995). The imbalance in energy status results in most dairy animals 
experiencing a period of negative energy balance (NEB) after calving, which increases the risk of both metabolic and 
infectious diseases (Duffield, 2000). 
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Diminished plasma concentrations of fat soluble vitamins  
Most of the fat soluble antioxidant vitamins such as retinol, α-tocoferol and β-carotene decrease at the time of 
parturition are reported to be associated with several health problems (Weiss, 1998). The concentration of α-tocoferol 
will be dropped by 50% at parturition and remains low until 20 to 30 days (Weiss et al., 1990). Low plasma 
concentration of α-tocoferol at parturition is a significant risk factor for intramammary infection and mastitis during 
the first week of lactation (Weiss et al., 1997). Both β-carotene and its precursor (Retinol) are indispensable for the 
proper stratification and integration of epithelium. Their deficiency will result in hyperkeratinization which leads to 
break in the integrity of epithelium thereby making it prone for the entrance of various pathogens.  
 
Immuno suppression   
Immune status of animals depress markedly in and around parturition due to interaction of several factors. During 
the peripartum period, both humoral and cell mediated immunity get depressed due to the increased blood cortisol 
concentration (Manak, 1986). Phagocytic and bactericidal ability of blood polymorphonuclear cells (PMNs) get 
decreased during first week of lactation (Kehrli et al., 1989). Parturition in dairy cows temporarily alters the gene 
expression patterns in circulating neutrophils, which disables their maturation, adhesion, apoptosis and other 
immune mediated roles (Crookenden et al., 2016). Lymphocytes play an important role in the mammary gland 
defense through secretion of lymphokines and antibodies, which facilitate the destruction of microorganisms. 
Lymphocyte proliferation is higher at one week pre- and postpartum than at calving but antibody production ability 
in response to mitogens decreased significantly around parturition (Smith et al., 1985). The serum concentration of 
immune system components such as immunoglobulin, conglutinin and complement factors of immune system are 
also decreased at parturition in dairy cows (Stable et al., 1991). Although cortisol concentration is only transitionally 
elevated but changes in estrogen and progesterone at the time of parturition might contribute to immunosupression 
for several days around calving (Preisler et al., 2000). Moreover, β-oxidation of body fat reserves terminates with the 
production of β-hydroxybutyrate, other ketone bodies as end products which have negative effect on immune 
function of animals, thus enhancing the susceptibility of animals to infections in and around parturition (Ingvartsen 
and Moyes, 2013; Sordillo and Mavangira, 2014). 
 
Mastitis and Metritis  
The keratin plug sealing of teats break down about 7 to 10 days before parturition, permitting easy access to bacteria 
in the mammary gland (Smith et al., 1985). Around parturition, as the mammary secretions change over to 
colostrums, the level of lactoferrin declines, which increases the amount of iron available for bacterial growth (Goff, 
2000). At parturition, most of the cows become hypocalcemic, which is suspected to impair smooth muscle 
contraction, vital for the perfect closure of teat sphincter after milking, which contributes towards increased incidence 
of mastitis during periparturient period. Further, impaired PMN function may leads to the peripartum metritis and 
mastitis (Cai et al., 1994).  
 
Enhanced chances for the occurrence of Metabolic diseases 
All aforesaid cascading changes increase the incidence of periparturient diseases. Dairy animals often fail to adapt to 
the metabolic and management changes, resulting in 75% of dairy animal disease incidence during the first month 
after calving (Singh et al., 2015). The fundamental productive and reproductive disorders during the transition period 
are divided into three principle axes:  

A) Disorders related to energy metabolism (Ketosis, Fatty liver, Acidosis and Displaced abomasum) 
B) Disorders related to mineral metabolism (Milk fever, Hypophosphatemia, Hypomagnesimia & Udder 

edema) and  
C) Problems related to the immune system (Mastitis, Metritis/Endometritis, Pyometra and Retention of foetal 

membrane).  
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Managemental interventions  
For safe and efficient transition period and to prevent the above said disorders, special managemental interventions 
in and around parturition should aim at:  

i. Protection against infectious agents,  
ii. Improvement of feed intake,   

iii. Prevention of over conditioning of animal,   
iv. Prevention of lipid metabolism,  
v. Supply of specific nutrient factors and  

vi. Protection against environmental and managemental stress.  

To achieve these objectives following managemental practices need to be followed.  

Drying off the dairy animals  
Animals should be given a sufficient time to rest and regenerate mammary tissue, which can be attained by 
providing a dry period of 45 to 60 days duration (Rastani et al., 2005). The method of complete cessation of milking is 
a common practice in the low producing cows (<6 kg). In case of high yielders, incomplete milking or alternate day 
milking for 1-2 weeks followed by complete cessation is an effective method to dry off the animals.  
 
Dry cow therapy 
Dry cow therapy is the treatment of cows at the end of lactation with a long acting antibiotic preparation with or 
without a teat sealant. This is to treat for any intra-mammary infections contracted during lactation and provides 
protection against new infections during the dry period. Recently, dry cow therapy is being practiced via two 
different techniques i.e. use of intra mammary and systemic administration of antibiotics prior to calving. Systemic 
administration of antibiotics at drying off or some weeks before parturition looks to be nominal accompanying 
treatment for intra-mammary therapy, which may be advisable for practice (Ahmad et al., 2015).  
 
Feeding Management 
A decrease in DMI occurs due to the rapid growth of the fetus taking up abdominal space and displacing rumen 
volume. This decrease ranges from 2% of body weight in the first weeks of the dry period to 1.4% of body weight in 
the 7-10 days period before calving. This 30% decrease in DMI appears to occur very rapidly in the transition period 
(Bertics et al., 1992). During the 3 weeks post calving, DMI increases at the rate of 1.5 to 2.5 kg per week, which is 
more rapid in multiparous cows than primiparous cows. The optimum DMI during prepartum and postpartum 
should be 1.7% and 2-3% of body weight, respectively. Optimum nutrient and dry matter intake can be supplied by 
augmenting nutrient density of feed. Therefore, peripartum diet of animal should contain high concentrate and high 
quality low roughage. Sudden shift to high concentrate diet predisposes the animal to ruminal impaction and 
metabolic acidosis.  
 
The practice of gradual increase in peripartum diet quantity and quality will acclimatize the ruminal microflora to 
high concentrate ration without disturbing ruminal ecology. Some experts have suggested that when prepartum 
nutrient restriction is followed by increased postpartum nutrient intake, the negative effect of prepartum nutrient 
restriction may be overcome partially. However, the effectiveness of elevated postpartum nutrient intake may 
depend on the severity of prepartum nutrient restriction (Lalman et al., 1997). Moreover, feed additives such as 
Propionate production promoters; Propionate enhancers like fumarate (Remling et al., 2014) and malate; Antioxidants 
(Osorio et al., 2014a); Ketosis controlling agents; Methyl donors like Methionine (Osorio et al., 2014b) and Choline 
(Grummer, 2011); Monensin (Duffield et al., 2008); Rumen inert fats (Sharma et al., 2016); Rumen bypass protein 
(Gang et al., 2016); Direct fed microbials (Alzahal et al., 2014); Niacin (Karkoodi and Tamizrad, 2009); Folic acid and  
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Vitamin B12 (Duplessis et al., 2012); Pantothenic acid and Riboflavin (Evans and Mair, 2013) are very much effective in 
managing the transition stress in dairy animals.  
 
Housing management 
For better feeding and care, the animals in dry period should be separated from lactating animals, at least 60 days 
before expected date of calving. This practice will protect the pregnant animals from injuries due to infighting and 
hence abortion, torsion, dystocia and other complications. Housing of periparturient animals will require the 
following structures. 
 
Dry Animal Shed 
Preferably 10 to 15 days before parturition, the animal must be transferred to loose housing type shed. Shifting the 
animals to confined housing on the day of calving instead of earlier, and use of restraint measures at milking 
increases the somatic cell count, indicates the incidence of mastitis (Svensson et al., 2006). The shed may consist of 
centrally placed manger with curbs of 0.6 meter length and width per animal under a roof in paddock. The manger 
should be surrounded by a 2.2 meter wide paved platform with drains. The roofed portion should be 5.6 meter wide 
and may be gabled. Ties should be provided on the outside of the manger curb at 1.5 meter approximately for 
occasional use, if required. 
 
Down – Calver Shed 
The down-calver sheds should have calving boxes for housing those animals very close to calving and standings 
adjacent to boxes for accommodating those animals heavy-in-calf. A plentiful supply of clean, dry and fresh bedding 
material on a well-designed comfortable lying surface is a prerequisite in close-up pens (Nigel et al., 2004). The 
dimension of each calving box should be 3Χ4 meters with partition of at least 1.2 meter high between the two calving 
boxes. A manger and water trough, each 0.5 meter wide should be constructed at the rear end of calving box. A 
single leaved door 2 meter high and 1.2 meter wide should be provided for each calving box. The lower half portion 
of angle iron frame of the door leaf may be of galvanized steel sheet and upper half of the same may be covered with 
wire netting the floor of the calving box should be slopped towards the drains. 
 
Standings 
The standing of the down-calver shed should be constructed with a continuous manger along the wall and provided 
with tying arrangements so that the animals are tethered facing the wall. The length and width of each standing 
should be 2.0 and 1.6 meters, respectively. There should be a drain laid on other side of the standing. 
 

CONCLUSION 

The transition period constitutes a turning point in the productive cycle of the cow since it imposes a number of 
abrupt changes on the cow which are in ‘physiological transit’ from one lactation to the subsequent lactations and 
hence it requires proper management for successful dairy farming. All the concepts of sound nutrition that are 
important in the pre-calving transition period are equally important in the post-calving transition period. Continued 
ruminal adaptation to high concentrate diets is critical to control the risk of ruminal acidosis, careful attention to 
mineral metabolism, as well as energy and protein metabolism, is essential for a successful lactation. Again, the 
concepts of homeostatic and homeorhetic changes are crucial. Failure to adequately support one area of metabolism 
will inevitably impact negatively on other metabolic processes. Careful attention to minimise the depth and length of 
negative energy and protein balance are equally as important as the provision of adequate calcium, magnesium and 
phosphorus. Apart from the nutritional aspects, housing is also very important for effective management of 
transition cows especially to reduce the incidence of the probable complications arising out of metabolic 
disturbances. 
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Table 1.Additional Recommendations to be followed during the common transition stress 
disorders 
Common metabolic disease Dietary Prevention 

Milk Fever Supplementation of calcium gel- 3 doses each 300 gms. Feeding 
negative Dietary Cation Anion Diets (DCAD) in late gestation period 
and high DCAD  in early lactation (Razzaghi et al.,  al., 2012), 
Maintain proper Ca and P (2:1) ration in the diet and Prepartum 
administration of vitamin-D (Thilsing-Hansen et al., 2002). 

Udder oedema Excess feeding of Na and K should be avoided. Supplementation of 
Vitamin-E @1000 IU/day during early lactation is effective in 
prevention of udder oedema (Mueller et al., 1989). 

Retention of foetal 
Membrane 

Daily supplementation of 100,000 IU of vitamin A and 400 IU of 
vitamin E with 3 mg/day of selenium or injections of Se and Vit E 
(Twice: 30 and 15 days prior to calving). Further, antioxidant 
supplementation during dry period can prevent the condition (Weiss 
et al., 1990). 

Fatty liver and Ketosis Starvation of the pregnant animal should be avoided. 
Supplementation of Niacin @ 3 to 12 gm/day reduces the NEFA 
mobilization from adipose tissues (Dufva et al., 1983). Intravenous 
administration of glucose may decrease blood ketones (Hamada et 
al., 1982). Oral drenching of propylene glycol (Sauer et al., 1973) & 
Monensin hydrochloride @2.5 mg/day; and salts of Propionic acid 
(Schultz, 1958) may be effective in lowering the blood ketones. 

Ruminal acidosis Provide the ration containing more than 32% NDF, with greater than 
80% being from long forage and avoid sudden dietary shifts (Grant 
and Albright, 1996). Use neutralizing agents such as sodium 
carbonate, potassium carbonate, magnesium oxide, sodium 
hydroxide and calcium hydroxide @ 2 to 4% (Staples and Lough, 
1989); Ionophore rumen modifiers like Monensin, lasalocid, narasin 
and salinomycin (Duffield et al., 2008); Yeast culture (Dawson, 1995); 
Virginiamycin (Al Jassim and Rowe, 1999); and Tylosin (Nagaraja et 
al., 1987). 

Displacement of abomasum Over feeding of cows should be avoided during dry period (Mann et 
al., 2016). Diet should constitute about 50% forage and fed long 
and/or coarsely chopped good quality forage during the dry period 
and early lactation. Minimize stress due to other periparturient 
diseases like milk fever and ketosis. 
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In the recent past, increasing consumer concern about the use of feed additives such as growth promoters 
and antibiotics in livestock production, has forced theanimal nutritionists to increase the safe enzyme 
usage for improving the productivity of the animals. The concept of supplementation of exogenous 
enzymes can be traced back to 1990s. The enzyme utilization in ruminant industries have sustained by 
virtue of the widest range of exogenous enzyme products availability,better developed methods to 
evaluate enzyme activity,revised knowledge on rumen functions and recent advances of 
biotechnology.Up to date numerous researches have been done with ruminants like cattle (both dairy and 
beef), goat, sheep and less with buffalo. The results seems to be inconsistent but positive results on feed 
intake, nutrient digestibility, growth performance, other production parameters, manure nutrient 
excretion etc., have been obtained. The conflicting results can be attributed to experimental conditions in 
which energy is not the limiting nutrient, as well asto the activities and characteristics of the enzymes 
supplied, under or over supplementation of enzyme activity, and inappropriate method of providing the 
enzyme product to the animal. Therefore more calibrate research efforts are needed for the generalization 
of exogenous enzyme usage in ruminant nutrition. The research conducted by using exogenous fibrolytic 
enzymes (EFE) in ruminants, sources,different methods of application and the possible modes of action 
are reviewed here.   
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INTRODUCTION 

The efficiency by which ruminants obtain energy from structural plant polysaccharides and, in turn, produce high 
quality meat and milk protein is increasingly important if the demands of an expanding human population are to be 
met (Mealeet al., 2014).Various strategies have been attempted to improve forage quality for ruminant livestock 
including treatment with physical agents such as heat, steam, and pressure; with chemicals such as acids, alkalis, and 
NH3; with biological agents such as white rot fungi; via natural selection, breeding, or molecular engineering and 
enzyme technology (Adesoganet al.,2014).However, none of these methods is widely used for improving forage 
quality and ruminant animal performance.  

This is due to the capital and energy intensive nature of physical methods such as steam or pressure explosion, the 
potential of pelleting, chopping, or grinding to limit salivary buffering of ruminal acids and retention time in the 
rumen (decreasing digestibility), the cost and corrosive and/or hazardous nature of chemicals such as ammonia and 
sodium hydroxide, the potential for extreme DM losses following hydrolysis by white rot fungi, and the prolonged 
nature of breeding approaches (Adesoganet al., 2014). In recent years,exogenous fibrolytic enzymes are increasingly 
considered as cost-effective means of improving feed efficiency (Krause et al., 2003), and their use in forage 
processing may be desirable as they are not corrosive and/or hazardous, unlike chemical treatments. It has been 
demonstrated that EFE work in synergy with the endogenous rumen microbial enzymes to enhance the digestibility 
and nutritive value of high fibrous diet (Morgaviet al., 2000), thereby increasing the economic benefits for the farmer. 

Enzyme Source 
 
Commercial ruminant enzyme additives contain concentrated enzymatic activities that are involved in degrading 
fiber. They are derived primarily from four bacterial (Bacillus subtilis, Lactobacillus acidophilus, Lactobacillus plantarum, 
and Streptococcus faecium) and three fungal (Aspergillus oryzae, Trichoderma reesei, and Saccharomyces cerevisiae) species 
(McAllister et al., 2001). Solid State Fermentation and Submerged Fermentation are the major methods for enzyme 
extraction which have combined with several other biotechnological aspects (Sujani and Seresinhe, 2015).Although 
the microorganisms from which the enzymes derived only constitute a very limited group, the types and activity of 
enzymes produced can be diverse depending on the strain selected, the substrate they are grown on, and the culture 
conditions used (Gashe, 1992;Lee et al., 1998;Mealeet al., 2014). 
 
Methods of Application of Enzymes 

Studies conducted by various authors indicated that enzymes can be applied to total mixed rations (TMR), hay, 
ensiled forages, concentrate, supplement or premix.Beaucheminet al. (2003) reported that exogenous enzymes are 
more effective when applied to high moisture feeds (such as silages) compared to dry feeds due to higher moisture 
content. The requirement for water in the hydrolysis of complex polymers to soluble sugars is a fundamental 
biochemical principle. Furthermore, silage pH values are usually at, or around, the optimal pH for most fungal 
enzymes. However, in practice, some exogenous enzymes are more effective when applied in a liquid form to dry 
forage as compared to wet forage. 

Feng et al. (1996) applied an enzyme solution directly to grass and observed no effect when added to fresh or wilted 
forage. However, when it was applied to dried grass, enzymes increased DM and fibre digestibility. In contrast, Yang 
et al. (1999) observed no difference between applying an enzyme product to dry forage or to both dry forage and 
concentrate. Studies conducted by Lewis et al. (1996) andMcAllister et al. (1999) demonstrated that infusion of 
enzymes into the rumen has not been effective. Similarly, Hristovet al. (2008) reported that supplementation of EFE 
combinations at low doses @ 10 g/Holstein cow/day intra-ruminally had no effect on nutrient digestibility and rumen 
fermentation pattern. In contrast to above findings, Giraldoet al.,(2008) indicated that supplementing a fibrolytic 
enzyme @ 12 g/d directly into the rumen increased the fibrolytic activity in ruminal fluid, without pre-feeding feed-
enzyme interaction, when sheep were fed on grass hay: concentrate (70:30; DM basis) diet.  
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Further, applying fibrolytic exogenous enzymes in a liquid form to the feeds prior to consumption can have a 
positive effect on animal performance (Kung et al., 2000;Yang et al., 2000). It may therefore be inferred that association 
of enzymes with feed may enable some form of pre-ingestive attack of the enzymes upon the plant fibre and/or 
enhance binding of the enzymes to proteolysis in the rumen. As stated byBeauchemin et al.(2003),inconsistencies in 
animal responses with added enzymes are multifactorial, and can possibly be attributed to four main factors: enzyme 
characteristics (e.g., differences in enzyme preparations, enzyme activities, units of activity added, pHand 
temperature effects on activity), forage (e.g., type, maturity), animal (e.g., species, age) and management (e.g., diet, 
mode of enzyme application, application rate, interaction time of enzymes applied to feed). Kung et al. (2000) 
suggests that overdose of enzymes causes decreased chewing due to an increase in the digestibility of the feed; which 
further decreases the production of saliva, ruminal pH and thus generates less fiber digestion, resulting in less 
amount of milk yield produced. Meanwhile Treacheret al. (1996) suggests that excessive doses of enzymes affect the 
ruminal micro-organisms adhering to the substrate and also promote the release of anti-nutritional factors as 
secondary compounds, thereby reducing the microbial digestion.  

Modes of Action of Exogenous Fibrolytic Enzymes 

Pre Consumption Effects 
The EFE are most effective when applied in liquid form onto dry feed prior to ingestion (Kung et al., 
2000;Beaucheminet al., 2003). This may partially digest feed or weaken cell wall barriers that limit microbial digestion 
in the rumen. The EFE releases reducing sugars from the feedstuffs before feed consumption (Hristovet al., 1996) 
which arises at least partially from the solubilisation of NDF and ADF (Hristovet al., 1996; Krauseet al., 
1998;Gwayumba and Christensen, 1997). This may therefore increase available carbohydrates in the rumen (Yang et 
al., 2000) and also enhance the rapid microbial attachment and growth (Forsberg et al., 2000). 
 
Ruminal Effects 
McAllister et al. (2001) reported that in the rumen, the EFE may hydrolyse feed directly or work synergistically with 
ruminal microbes to enhance feed digestion. EFE are actively stable to continue hydrolysis of feed in the rumen fluid 
(Hristov et al., 1998and Wallace et al.,2001). In sub rumen conditions (pH ≤ 5.9) resulted from using high fermentable 
diet, EFE effectiveness was considered to be reduced compared to its effectiveness at higher rumen pH conditions 
(Beaucheminet al., 2004). Another benefit of EFE application in ruminants is the indirect increase of attachment and 
numbers of cellobiose- and glucose- utilizing bacteria in the rumen (Nserekoet al., 2002). 

Post Ruminal Effects 
It is also reported that EFE work synergistically with microbes even in the large intestine (Beaucheminet al., 2004). In 
the small intestine, EFE appear to survive for a sufficient period of time with sufficient effects on substrate particles 
when applied to wet feeds and concentrate premix (Morgaviet al., 2001). 

 
The Research Conducted using Efe in Ruminants 

The noticeable facts about these researches are that numerous enzyme products have applied at various dose rates to 
different forage types to different animals in various stages of production and mostly the results shown were with 
higher variability. In spite ofconducting anenormous number of studies, generating a precise conclusion or protocol 
on enzyme utilization has become a challenge due to several reasons, especially the lack of information on enzyme 
activity and concentrations. 

In Cattle 

Mohamed et al. (2013) confirmed that, eventhough supplementation of fibrolytic enzymes to the early lactating dairy 
cow diets did not cause any significant changes in dry matter intake, it improved (P<0.05) the milk yield and feed 
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efficiency when compared to untreated dairy cows.These results are in collaboration with the outcome of Bassiouniet 
al. (2010) where they observed enhanced milk production and nutrient digestibility with fibrozyme supplementation 
to either corn silage or berseem hay. In contrast to these results Peters et al. (2015) revealed that the supplementation 
of enzyme product contained primarily cellulose and xylanase did not improve invivo digestibility of lactating cows, 
therefore, both milk quantity and quality was not significantly affected.  
 
Dileret al. (2014) revealed an increased (P<0.05)total daily milk yields in the Holstein Friesian cows group fed with 
direct fed microbials (DFM) plus enzymes. Likewise, Ramsinget al. (2009), Phondbaet al. (2009)and HeidariKhormiziet 
al. (2010) reported that feeding DFM and feed enzymes or both increased significantly daily milk yield. On the other 
hand, results of the several studies (Rihmaet al., 2007 and Oetzelet al., 2007) demonstrated that supplemental DFM 
and/or exogenous enzymes had beneficial effect on milk yield in lactating dairy cows, but they were not statistically 
significant. Similarly, Romero et al. (2016) revealed that the application of EFE to the Bermuda grass based TMR in 
dairy cattle increased DM intake and milk production without affecting the ruminal DM degradation kinetics or 
ruminal pH, ammonia-N and volatile fatty acid concentration. 
 
Elwakeelet al. (2007) observed that dry matter intake, milk production, milk efficiency, production of milk and milk 
compositions were not affected by the addition of fibrolytic enzymes. But they hypothesized that slight differences of 
milk production might be due to repartitioning of energy between milk and body reserves for cows receiving 
enzymes. Likewise, Ortiz-Rodeaet al. (2013) observed that the addition of enzyme has no effect on the increment in 
milk yield production, fat content, lactose or protein. However, Klingermanet al. (2009)reported a significant 
increment of milk production with unaltered milk fat and milk protein in the enzyme supplemented group.  
Vargas et al. (2013) conducted a study in beef steers to determine the impact of dietary enzyme levels @ 0, 2, 4 and 6 
ppm in a finishing diet on the steer’s performance and carcass characteristics. They concluded that fibrolytic enzymes 
do not affect steer performance but improve carcass yield and tenderness. Later, Salem et al. (2011) reported that 
enzyme addition did not affect DM intake, whereas it increased total tract apparent digestibility of nutrients 
including NDF and ADF, concentrations of rumen ammonia N and total short chain fatty acids (SCFA) and live 
weight gain. 
 

In Buffaloes 

Malik and Bandla (2010) evaluated the optimum doses of enzymes and probiotics, selected through in vitro 
experiments on male buffalo calves’ performance. Calves exhibited higher ADG and feed efficiency when fed with 
mixture of probiotics and enzyme. The OM, NDF and ADF digestibility were improved significantly. Rajamma et al. 
(2014)conducted a work to know the influence of supplementation of EFE in TMRs fed to buffalo bulls. They found 
that the EFE supplementation increased (P<0.01) the digestibility of CP, EE and CF, while there was no effect on 
digestibility of other nutrients. Another study conducted by Ravikanthet al. (2016) to investigate the effect of TMR 
supplemented with EFE and/or live yeast culture in buffalo bulls, revealed no effect on the digestibility of nutrients, 
fibre fractions, DCP and TDN content of rations. On the contrary, Reddy et al. (2016) reported a linear increase in the 
invitro digestibility of DM, CP, ADF and NDF in the EFE supplemented group.  
 
Rajamma et al. (2014b) conducted a research work in buffalo bulls fed TMRs with roughage: concentrate ratios of 
60:40 and 70:30 with/without EFE. Supplementation of EFE in TMRs irrespective of R: C ratio decreased (P<0.01) 
rumen pH and increased (P<0.01) the concentrations of TVFA, NH3-N and N fractions.Similar results of increased 
(P<0.05) pH value with a decline in TVFA and NH3-N concentration were noticed byGaafaret al. 
(2010).Later,Poonooruet al. (2015) reported that supplementation of EFE to buffalo bulls fed TMR had no effect 
(P<0.05) on rumen pH and food and protozoal N concentration, while it influenced to increase (P<0.01) the 
concentration of TVFA, NH3-N and other N fractions as compared to the control. According the experiment 
conducted by El-Kadyet al. (2006), feed intake was not affected by enzyme supplementation but caused a significant 
(P<0.05) increase in average daily gain, total body weight gain, feed conversion and Total digestible nutrients. 
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Chandra Sekharet al. (2010)concluded that supplementation of cellulase and xylanase mixture at 1.5 g/kg of DM of 
TMR containing Roughage: concentrate @ 60: 40 on DM basis significantly increased (P<0.05) the average daily milk 
yield and FCM yield in Murrah buffaloes due to improved dietary fiber digestion.Later, Gaafaret al. (2010) confirmed 
a significant decrease (P<0.05) in Feed cost/kg 7% FCM with an increase (P<0.05) in output of 7% FCM and economic 
efficiency in the fibrolytic enzyme supplemented group. 
 
In Sheep 

Bhaskeret al. (2013) conducted a trial on 12 rams by feeding 50 % maize stover based TMR supplemented with or 
without enzyme (cellulase-xylanase, 12,800-12,800 IU/g) to study the effect on rumen fermentation pattern. Results 
indicated that TVFA (P<0.01) and NH3-N (P<0.05) concentration was higher in enzyme supplemented group while no 
effect was observed on pH and total N concentration.The invitro study conducted by Ganaietal.(2011) by using 
complete feed containing bajra straw supplemented with EFE revealed a significant increase (P<0.01) in TVFA and an 
unaltered rumen pH,total nitrogen and ammonia N compared to control.In another study, twenty Pelibuey lambs 
were randomly assigned to control or to one of three enzyme treatments to evaluate their effects on rumen 
fermentation and reported that fibrolytic enzyme extracts supplementation had no effect on pH, NH3-N and TVFA 
concentration in lambs (Torres et al., 2013). Similar results were obtained by Giraldoet al. (2008) in Merino sheep fed 
with mixed grass hay and concentrate in 70: 30 ratios with or without direct fed EFE @ 12 g/d. 
 
Bueno et al. (2013) evaluated the effect of high doses of EFE (@0, 5 or 10 gms per 1 kg oat straw) on lamb performance. 
A linear decrease (P<0.05) in intake with increasing enzyme doses were noticed without changing the weight gain, 
feed conversion, digestibility and ruminal fermentation variables. Similar results of unchanged weight gain and dry 
matter intake were also evident in the study by Torres et al. (2013) and Isaac Almarazet al. (2010).Titi and Lubbadeh 
(2004) found that the EFE treatment significantly increased (P<0.05) the milk production, total solids, milk, fat and 
proteinpercentage with no effect on feed intake. On the contrary, Flores et al. (2008) reported no effects on lactation 
when the fibrolytic enzyme product was added to the concentrate of dairy ewes.Another study conducted by Van de 
Vyver and Useni (2012) reported a significant increase in the in situ microbial protein synthesis and an unaltered in 
situ disappearances of DM, NDF and CP of the roughage mixture.  
 
Meat quality of growing lambs was evaluated with the addition of Salix babylonicaL. extractsand exogenous enzymes 
in combination or individually.They found that only the combination ofSalix babylonicaextract and enzyme had a 
significant effect on meat quality parameters but notwith the enzyme addition alone (Cayetanoet al., 2013). 
However,Riveroet al. (2012) reported the effect of Salix babylonicaextracts and exogenous enzymes separately and asa 
combination on hematological parameters in growing lambs, where no effect with any treatment observed.Lara et al. 
(2013) evaluated the effects of high doses of EFE (@0, 5 or 10 gms) on lamb performance and in situ digestibility using 
a ration with 60% oat straw. They found that intake decreased linearly (P<0.05) with increasing doses of EFE, without 
changing the weight gain, feed conversion, digestibility and ruminal fermentation variables. It indicated that using 
high doses of EFE in oat straw based diets did not improve the growth performance and nutrient digestibility in 
finishing lambs. 
 
In Goats 

Wahyuniet al. (2012) studied the effect of supplementing the TMR containing oil palm frond (OPF) silage with 
different levels of enzyme on feed intake in goats. They revealed that the supplementation of enzyme to TMR did not 
affect the DMI, apparent digestibilities of nutrients. On the contrary, Balaet al. (2009) reported an increase (P<0.05) in 
the diet digestibility of DM, OM, CP, NDF, ADF and total carbohydrates in the enzyme supplemented group. Titi 
and Lubbadeh (2004) observed a significant increment (P<0.05)in the weaning weight, milk production and milk 
composition in the enzyme treated groups compared to untreated ones. A study by Hussain et al. (2014) witnessed 
that the enzyme supplementation with the TMR resulted in 31.25% increase in net profit by improving (P<0.05) the 
average daily weight gain without any effect on feed intake. 
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Khaderet al. (2015) conducted a study in Baladi lactating goats fed with TMR with or without enzyme (Asperozym) 
supplementation and found an increased (P<0.05) milk yield without any change in milk composition in the 
treatment group.Another study was conductedto investigate the effects of adding cellulolytic enzyme “Asperozym” 
or Tomoko® to the diets on theperformance of goats. The diets supplemented with either enzymes showed 
significantly (P<0.05)increased digestibility of all nutrients compared to the control diet (Kholif and Aziz, 2014). 
 

CONCLUSION 

Adding exogenous fibrolytic enzymes to dairy cow and feedlot cattle diets can potentially improve cell wall digestion 
and the efficiency of feed utilization by ruminants. Positive responses in milk production and growth rate have been 
observed for cattle fed some enzyme products, although results have been inconsistent. Some of the variation can be 
attributed to product formulation, under or over supplementation of enzyme activity, inappropriate method of 
providing the enzyme product to the animal, and the level of productivity of the test animal. Research is needed to 
understand the mode of action of these products so that on farm efficacy of ruminant enzyme technology can be 
assured. With increasing consumer concern about the use of growth promoters and antibiotics in ruminant 
production, and the magnitude of increased animal performance obtainable using feed enzymes, these products 
could play an important role in future ruminant production systems. 
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