
Cronicon
O P E N  A C C E S S EC PHARMACOLOGY AND TOXICOLOGYEC PHARMACOLOGY AND TOXICOLOGY

Research Article

Introduction
Plants are the richest source of secondary metabolites which are biologically active molecules and can be an alternative of agrochemi-

cals. Plant products or plant based biological agents directly attack on pathogen without damaging the surrounding environment or 
induce resistance in plants. This is called eco-friendly systems in which there is no harm of animals humans or complete ecosystem [1,2].

In order to develop a new strategy as biological agent for control of plant pathogenic fungi, it is essential to find out active ingredients 
of biocontrol agents as elicitor and binder which promote the potential of plant extract to control the plant disease. Selection criteria of 
suitable elicitor and binder are totally based on the best antifungal activity against test fungi.

The term elicitor was used for molecules that are capable of inducing the production of phytoalexins, but it is now normally used for 
all compounds that stimulate any kind of plant defence [3,4]. Molecules of elicitor can attach to specific receptor proteins located on plant 
cell membranes [5]. Through Octadecanoid pathway intracellular defence signalling happens and receptors are recognized the molecular 
patterns of elicitors and this activity enhanced synthesis of metabolites which decrease damage and increase resistance to pests, disease 
or environmental stress [6].

Elicitors are of two types one is originating from pathogen called exogenous elicitors and another is endogenous elicitors originated 
from plants [7]. Elicitors can also be arranged as biotic or abiotic, physical or chemical, and complex or depending on their origin and 
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In the present study antifungal activity of elicitors like neem, mustard, coconut and Pongamia oilcakes and binders like cowdung, 
guar gum and gum acacia was assayed against Alternaria solani to find out antifungal potential. Various concentrations of elicitors i.e. 
10% to 100% were used for antifungal assay. Initial screening of binders for antifungal activity against A. solani was done at 200 mg/
ml to 0.39 mg/ml concentrations due to undissolving nature of gums at higher concentrations. Based on the results the substance giv-
ing best activity will be chosen for preparation of bioformulation. Best inhibitory activity was observed with 100% neem oil cake and 
percent mycelia growth inhibition was 51.32% against Alternaria solani. Initial screening of binders like cow dung, guar gum and gum 
Acacia (binders) for antifungal activity was done at 200 mg/ml to 0.39 mg/ml concentration due to dissolving nature of guar gum and 
gum Acacia. Among all binders assayed maximum inhibition of A. solani was observed with cow dung at 200 mg/ml concentration i.e. 
36.87%. Second highest inhibition observed was 34.56% with gum Acacia at 200 mg/ml and 31.79% inhibition was observed with 
guar gum at 200 mg/ml. In the selection process of binder, cow dung showed maximum inhibition so 10% to 100% solutions of the 
cow dung was prepared and assayed for antifungal activity against A. solani. Maximum inhibition was observed with 100% solution 
of cow dung i.e. 41.74%. Water as control was maintained in which no elicitors, binders and fungicides used. 
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molecular structure. Among plant based elicitors, oil cakes are very common. These are residues of various plants like neem, mustard, 
peanut, sesame, coconut and Pongamia seeds etc. left behind after oil extraction. The composition of these oil cakes varies depending 
on the plant, growing condition and extraction methods. Antifungal activity of various oilcakes has been studied by several workers [8].

Binder is a substance which holds other materials together (elicitors and extracts) to form a smooth formulation. Generally, materials 
labelled as binders in various proportions or uses can have their roles reversed with what they are binding. Many types of binders are 
available in the market, some of which are natural and others are synthetic in nature. Natural binders commonly used are Cow dung, guar 
gum and gum Acacia etc [9,10]. 

Guar gum, also known as guaran, is the ground endosperm of guar beans. Guar gum powder is extracted from the guar seeds after a 
multistage industrial process. The guar seeds are dehusked, milled and screened to get the guar gum. It is produced as a free-flowing, off-
white powder. The color of guar gum powder is whitish and yellowish having slight odour. Guar gum and its derivatives are widely used 
as binders and disintegrating agents in tablet dosage form [11]. 

Acacia gum has long been used in everyday applications and in traditional medicine. Acacia is a genus of shrubs and trees belonging to 
the subfamily Mimosoideae, of the family fabaceae or Leguminosae [12]. It is the exudate produced by the stem of Acacia nilotica (Babbul) 
also known as gum Arabica or Indian gum. It is used widely in the cooking industry to give body and texture to processed food products, 
in pharmaceutical industry as a demulcent and for drug delivery since it is readily available, is cost effective, eco-friendly, is capable of a 
multitude of modifications, is potentially degradable as well as compatible due to its natural origin [13,14].

Cow dung is the waste excreted by cows which consists of undigested residues of consumed matter which has passed through the gas-
trointestinal system of the animal. The undigested plant material that is rich in nutrients, micro-organisms, and their by products, 80% 
water are the major components of cow dung [15]. Cow dung has been observed to suppress mycelial growth of plant pathogenic fungi 
like Fusarium solani, F. oxysporum and Sclerotinia sclerotiorum [16]. 

Selection of suitable elicitor and binder is extremely important as they may show specific interaction with specific molecules. In the 
present study antifungal activity of elicitors like neem, mustard, coconut and Pongamia oilcakes and binders like cowdung, guar gum and 
gum acacia was assayed against Alternaria solani to find out the best possible combination for developing the bioformulation. Various 
concentrations of elicitors i.e. 10% to 100% were used for antifungal assay. Initial screening of binders for antifungal activity against A. 
solani was done at 200 mg/ml to 0.39 mg/ml concentrations due to undissolving nature of gums at higher concentrations. Based on the 
results the substance giving best activity was chosen for preparation of bioformulation.

Materials and Methods
Assay of antifungal activity of elicitors and binders

The inhibitory activity of neem oilcake, mustard oilcake, coconut oilcake and Pongamia oilcake against Alternaria solani was tested 
using poison food technique [17]. 10% to 100% solution of 20 gm of all oilcakes were sued for antifungal activity. Solution of oilcakes 
were prepared by suspended the oilcake powder in autoclaved water for 24 hrs. After 24 hrs the extract were filtered and the fine solu-
tion were used for the preparation of various concentrations and assayed for antifungal activity (Figure 1). In order to select suitable and 
most efficient binder, initial screening of antifungal activity of guar gum, gum Acacia and cow dung individually was done at 200 mg/ml 
to 0.39 mg/ml concentrations. Each binder was dissolved into water to get clear solution and tested for antifungal activity. The substance 
showing best inhibitory activity was chosen for further experimental work (Maximum inhibition was recorded as lesser growth of fungi) 
(Figure 2). Percent mycelia growth inhibition was calculated by the following formula given below:

% Mycelial growth inhibition = gc-gt/gc×100.
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Figure 1: Crude extract of elicitors and binders.
A: Elicitors

1. Neem oil cake (NOC)
2. Mustard oil cake (MOC)
3. Coconut oil cake (COC)

4. Pongamia oil cake (POC)
B: Binders

1. Cow dung
2. Gum Acacia
3. Guar gum.
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Statistical analysis

All experiments were performed in triplicates (n = 3) and the data were presented as the mean ± standard deviation. 

Results and Observations
Results suggested that antifungal activity increased with increasing concentration of elicitors and binders. Maximum activity was ob-

served with 100% concentration. Hence this concentration was used for the preparation of bioformulation.

Results of antifungal activity of neem, mustard, coconut and Pongamia oilcake (elicitors) are present in table 1-8. 10% to 100% solu-
tions of neem mustard, coconut and Pongamia oil cakes were assayed for antifungal activity against Alternaria solani. Best antifungal ac-
tivity was observed with 100% neem oil cake and percent mycelia growth inhibition was 51.32% (Figure 3). The second highest inhibition 
was shown by 100% Pongamia oil cake i.e. 39.16%, 100% mustard oil cake showed 38.84% and 100% coconut oilcake showed 30.55% 
inhibition of Alternaria solani (Table 1-4 and figure 2A).

Figure 2: Antifungal activity of elicitors and binders against Alternaria solani.
A: Elicitors

1. 100% neem oil cake
2. 100% Mustard oil cake 
3. 100% Coconut oil cake 

4. 100% Pongamia Oil cake
B: Binders

1. 200 mg/ml Cow dung
2. 200 mg/ml Gum Acacia
3. 200 mg/ml Guar gum

4. 100% Cow dung.

Figure 3: Antifungal activity of elicitors against Alternaria solani.4. 100% Cow dung.
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S. 
No.

Neem 
oil cake

Growth Diameter after 
7 days (mm) ± SD

% Mycelial 
Growth Inhibition

1. 10% 42.83 ± 0.28 40.78
2. 20% 40.16 ± 0.37 44.47
3. 30% 40.03 ± 0.49 47.42
4. 40% 39.66 ± 0.41 45.16
5. 50% 39.23 ± 0.57 45.76
6. 60% 38.06 ± 0.57 47.38
7. 70% 37.33 ± 0.57 48.38
8. 80% 36.10 ± 0.20 50.08
9. 90% 36.02 ± 0.41 50.20

10. 100% 35.21 ± 0.30 51.32
11. Control 72.33 ± 0.51

Table 1: Antifungal activity of neem oil cake against Alternaria solani.

S. No. Mustard 
oil cake

Growth Diameter after 
7 days (mm) ± SD

% Mycelial 
Growth Inhibition

1. 10% 53.23 ± 0.40 26.40
2. 20% 51.13 ± 0.55 29.31
3. 30% 50.83 ± 0.66 29.72
4. 40% 49.9 ± 0.45 31.01
5. 50% 48.23 ± 0.57 33.31
6. 60% 48.13 ± 0.47 33.45
7. 70% 47.23 ± 0.43 34.70
8. 80% 46.63 ± 0.41 35.53
9. 90% 45.89 ± 0.30 36.55

10. 100% 44.23 ± 0.30 38.84
11. Control 72.33 ± 0.51

Table 2: Antifungal activity of mustard oil cake against Alternaria solani.

S. 
No.

Coconut 
oil cake

Growth Diameter after 
7 days (mm) ± SD

% Mycelial 
Growth Inhibition

1. 10% 58.83 ± 0.32 18.66
2. 20% 58.1 ± 0.55 19.67
3. 30% 56.73 ± 0.45 21.56
4. 40% 55.73 ± 0.41 23.54
5. 50% 55.3 ± 0.45 23.54
6. 60% 54.73 ± 0.41 24.33
7. 70% 54 ± 0.26 25.34
8. 80% 53.16 ± 0.49 26.50
9. 90% 52.66 ± 0.30 27.19

10. 100% 50.23 ± 0.41 30.55
11. Control 72.33 ± 0.51

Table 3: Antifungal activity of coconut oil cake against Alternaria solani.
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S. 
No.

Coconut 
oil cake

Growth Diameter after 
7 days (mm) ± SD

% Mycelial 
Growth Inhibition

1. 10% 53.45 ± 0.73 26.10
2. 20% 52.15 ± 0.32 27.89
3. 30% 50.56 ± 0.55 30.09
4. 40% 48.33 ± 0.52 33.178
5. 50% 47.63 ± 0.23 34.14
6. 60% 47.89 ± 0.21 33.78
7. 70% 45.66 ± 0.51 36.87
8. 80% 44.33 ± 0.57 38.71
9. 90% 44.00 ± 0.57 39.16

10. 100% 43 ± 0.57 40.55
11. Control 72.33 ± 0.51

Table 4: Antifungal activity of Pongamia oil cake against Alternaria solani.

Initial screening of binders like cow dung, guar gum and gum Acacia (binders) for antifungal activity against Alternaria solani was 
done at 200 mg/ml to 0.39 mg/ml concentration due to dissolving nature of guar gum and gum Acacia. Results are presented in table 5-7 
and figure 2B. Among all binders assayed maximum inhibition of A. solani was observed with cow dung at 200 mg/ml concentration i.e. 
36.87%. Second highest inhibition observed was 34.56% with gum Acacia at 200 mg/ml and 31.79% inhibition of A. solani was observed 
with guar gum at 200 mg/ml (Figure 4). In the selection process of binder for preparation of bioformulation, cow dung showed maximum 
inhibition so 10% to 100% solutions of the cow dung was prepared and assayed for antifungal activity against A. solani. Maximum inhibi-
tion was observed with 100% solution of cow dung i.e. 41.74% (Table 8 and figure 2B4). All data were compared with water as control in 
which no elicitors, binders and fungicides used (Table 9). Bavistin and Mancozeb were used as standard fungicides. Among them maxi-
mum inhibition of A. solani was recorded with mancozeb that was 78.80%. 

S. 
No. Guar Gum Growth Diameter after 

7 days (mm) ± SD
% Mycelial Growth 

Inhibition
1. 0.39 mg/ml 58.66 ± 1.52 18.89
2. 0.78 mg/ml 57.66 ± 1.52 20.28
3. 1.56 mg/ml 56.13 ± 0.57 22.39
4. 3.12 mg/ml 56.03 ± 0.57 22.53
5. 6.25 mg/ml 55 ± 1.73 23.95
6. 12.5 mg/ml 55.66 ± 0.57 23.04
7. 25 mg/ml 54.52 ± 1.52 24.62
8. 50 mg/ml 51.66 ± 0.57 28.57
9. 100 mg/ml 50.33 ± 0.57 30.41

10. 200 mg/ml 49.33 ± 2.08 31.79
11. Control 72.33 ± 0.51

Table 5: Antifungal activity of guar gum against Alternaria solani.
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S. 
No. Gum acacia Growth Diameter after 

7 days (mm) ± SD
% Mycelial 

Growth Inhibition
1. 0.39 mg/ml 57.33 ± 0.57 20.73
2. 0.78 mg/ml 55.33 ± 1.52 23.50
3. 1.56 mg/ml 52.33 ± 0.57 27.65
4. 3.12 mg/ml 52.33 ± 0.57 27.65
5. 6.25 mg/ml 51.66 ± 0.57 28.57
6. 12.5 mg/ml 50.33 ± 0.57 30.41
7. 25 mg/ml 49.33 ± 0.57 31.79
8. 50 mg/ml 48.66 ± 0.57 32.72
9. 100 mg/ml 48.33 ± 1.15 33.18

10. 200 mg/ml 47.33 ± 1.52 34.56
11. Control 72.33 ± 0.51

Table 6: Antifungal activity of gum acacia against Alternaria solani.

S. 
No.

Cow dung Growth Diameter after 
7 days (mm) ± SD

% Mycelial 
Growth Inhibition

1. 0.39 mg/ml 58.33 ± 0.57 19.35
2. 0.78 mg/ml 57.66 ± 0.57 20.28
3. 1.56 mg/ml 55.33 ± 0.57 23.50
4. 3.12 mg/ml 54.33 ± 0.57 24.88
5. 6.25 mg/ml 53.33 ± 0.577 26.26
6. 12.5 mg/ml 52.33 ± 0.57 27.65
7. 25 mg/ml 50 ± 1 30.87
8. 50 mg/ml 49.33 ± 0.57 31.79
9. 100 mg/ml 48.66 ± 0.57 32.72

10. 200 mg/ml 45.66 ± 0.57 36.87
11. Control 72.33 ± 0.51

Table 7: Antifungal activity of cow dung against Alternaria solani.

Figure 4: Antifungal activity of binders against Alternaria solani.
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S. 
No. Cow dung Growth Diameter after 

7days(mm) ± SD
% Mycelial 

Growth Inhibition
1. 10% 61.64 ± 0.36 14.77
2. 20% 60.13 ± 0.47 16.86
3. 30% 59.06 ± 0.57 18.34
4. 40% 57.21 ± 0.49 20.90
5. 50% 56.9 ± 0.48 21.36
6. 60% 55.33 ± 0.57 23.03
7. 70% 53.66 ± 0.57 25.81
8. 80% 51.33 ± 0.57 29.03
9. 90% 45.66 ± 1.15 36.87

10. 100% 42.33 ± 1.14 41.47
11. Control 72.33 ± 0.51

Table 8: Antifungal activity of cow dung against Alternaria solani.

S. No Standard fungicides and 
water control

Growth Diameter after 7 
days (mm) ± SD

% Mycelial Growth 
Inhibition

1 Mancozeb 15.33 ± 0.57 78.80
2 Bavistin 34 ± 1.73 52.99
3 Water 72.33 ± 2.51

Table 9: Antifungal activity of standard fungicides with water control against A. solani.

Discussions
The use of botanicals for plant protection and pest management is becoming popular as control method [18]. Only use of plant extract 

in controlling plant disease is very expensive and a lot of plant parts are required for obtaining it. Use of elicitor and binders in combina-
tion with plant extracts is gaining importance because it is very cheap and has long term positive effect. 

In the present study selection for best active binder and elicitor to get optimum antimicrobial efficiency has been studied. In this study 
four elicitors i.e. neem oil cake, mustard oil cake, coconut oil cake, and Pongamia oil cake etc. and three binders i.e. guar gum, gum Acacia 
and cow dung etc. were used to evaluate the antifungal activity against test pathogen. Many researchers have evaluated the antimicrobial 
activity of elicitors and binders against different pathogens as use of elicitor for control of plant diseases is ecofriendly and very effective 
[19]. Screened four oil cakes i.e. mahua cake extract, neem cake extract, castor and gingerly cake extracts against Bipolaris oryzae, the 
causal agent of brown spot disease in rice and amongst the all cake extracts neem cake extract showed the maximum inhibition of mycelial 
growth and spore germination followed by mahua cake extract, castor and ginger cake extract. 

Oil cakes have also been reported for use in production of antibiotics and antimicrobials. Results suggested that oil cakes show con-
centration dependent antimicrobial activity. The same study pattern was also reported by some workers [20-24]. Antimicrobial potential 
of mustard oil cake, Pongamia oil cake has been studied by several workers [25,26]. In the present study significant inhibitory activity 
against Alternaria solani was observed with neem oil cake followed by Pongamia oil cake. The reason for this may be presence of specific 
secondary metabolites in neem which effect the growth and metabolism of the test fungus. Neem oil cake contains Azadirachtin, Azad-
irone, Gedunin, Meliacarpin, Nimbin, Salannin, Vilasinin which is known for the antifungal activity [27]. In the comparison, the secondary 
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metabolites found in other elicitors are not active or not enough to inhibit the growth of test fungus. This proves that growth inhibition by 
secondary metabolites is very specific and probably depends on the ligand binding with surface protein of the test fungus [28,29].

The next step in the process of exploring a suitable binder for enhancing the antimicrobial activity of plant extract into culture medium 
the poison food technique was used. Three binders namely guar gum, gum Acacia and cow dung etc were used to test the antifungal ac-
tivity against test pathogen. All of these binders have antimicrobial activity against different pathogens but lower than oil cakes. Among 
the all binders, cow dung showed best inhibition against Alternaria solani. Cow dung possess antimicrobial properties against different 
pathogens. A lot of researchers have contributed in this field [30-32].

Some workers have reported significant antibacterial activity of saponin rich guar gum against Escherichia coli, Staphylococcus aureus 
and Salmonella typhimurium [33]. Gum Acacia is obtained from Acacia nilotica Linn. All part of the plant i.e. gum, stem bark, leaves and 
fruits shows medicinal properties. Gaur gum and Gum Acacia also showed inhibitory activity but at very low concentration [34]. Various 
researchers evaluated the antifungal activity of guar gum, gum Acacia and cow dung against Alternaria solani. 

Results indicate that best active elicitor i.e. neem oil cake and binder i.e. cow dung can be used to develop the plant extract based bio-
formulation for effective control of early blight of tomato in an eco-friendly manner.

Conclusion
On the basis of results obtained it can be concluded that use of oilcakes offers good alternative to traditional applications in the produc-

tion of environment friendly bioformulation. Various binders are also eco-friendly option as their availability is very cheaper throughout 
the year.
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