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ABSTRACT

Silver nanoparticles of 22-40 nm size were synthesized using goat, cow and buffalo urine. These 
nanoparticles are conjugated with a fungicide (Mancozeb). The antifungal activity of these conjugated 
nanoparticles (Mc-AgNPs) was tested against Colletotrichum gloeosporioides which causes 
anthracnose disease in various fruits and vegetables. This fungus infects during pre and post-
harvesting seasons causing a significant decrease in the quantity and quality of the product. The 
fungicide conjugated AgNPs were characterized by UV-Visible, FTIR, SEM and XRD analysis. The 
synthesis of AgNPs was confirmed by the UV-visible spectroscopy. The shape of AgNPs was found 
to be spherical. The Mc-AgNPs from goat, cow and buffalo urine exhibited 146.15%, 133.33% and 
114.28% more antifungal activity than the fungicides alone respectively. The results indicate that 
the Mc-AgNPs from goat urine showed more efficacy than cow and buffalo urine. The fungicide-
conjugated AgNPs drastically reduce the amount of fungicide to be applied against Colletotrichum 
gloeosporioides, which in turn reduce the hazardous effect caused by fungicides. Further, these can 
be tested to control other pathogenic fungi also.

INTRODUCTION

In every facet of nanotechnology, the buzzing of nanotech-
nology has been flourishing at a remarkable rate in recent 
decades (Jain et al. 2011). The bionanoparticles can work 
efficiently as fertilizer, pesticide and fungicide in the field 
of agriculture and horticulture. The biological products can 
reduce metal ions to metal nanoparticles. The biological 
products are ecofriendly, less toxic, cost-effective and also 
have sacred molecules which enhance the quality and quan-
tity of products in agriculture and horticulture (Govarthanan 
et al. 2014). The biomaterials like plant extracts, animal 
secretions and microorganisms can be used to synthesize the 
AgNPs (Kumar et al. 2009, Ahmad et al. 2003, Shahverdi et 
al. 2007, Jha et al. 2009, Atul et al. 2008, Lee et al. 2013). 
The proteins are involved in the reduction and stabilization 
of nanoparticles (Velmurugan et al. 2011). 

The world has a very rich heritage in the domestication 
of a wide range of livestock. The cow, buffalo and goat are 
common livestock which are widely reared all over the world. 
According to 19th livestock census-2012 from Department 
of Animal Husbandry, Dairying and Fisheries following 
Ministry of Agriculture, India, the distribution of livestock 
population was found to be 37.28% cattle, 21.23% buffaloes, 

12.17% sheep, 26.04% goats and 2.01% pigs. The population 
of buffalo is 108.7 million, cow 122.9 million, goat 135.17 
million and sheep 65.06 million. The secretions from these 
livestock have great importance in Ayurveda, Unani and 
Siddha medicine, which are rich in proteins, lipids, carbohy-
drates, micronutrients and antioxidants. The cattle like cow 
and buffalo are treated as sacred in world heritage and the 
use of the secretions like milk, dung, urine, ghee, buttermilk 
and curd are widely used. 

Goat urine (Ajamutra) is an astringent, sweet with whole-
some many beneficial properties as per Ayurveda (Vaibhav 
et al. 2018). The goat urine has antibacterial and antifungal 
properties against various pathogens. The Ajamutra has 
nitrogenous constituents like nitrogen, uric acid, allantoin, 
hippuric acid, creatine, creatinine and ammonia, and the 
non-nitrogenous contents like carbonates, bicarbonates, 
phosphates, sulphates, chlorides, calcium and magnesium 
(Ferichani 2013). The cow urine (Gomutra) and Ajamutra 
have great future in modern pharmacology because of their 
universal availability, cost-effective and many beneficial uses 
(Hazarika et al. 2018).

Cow urine is nectar with many beneficial potentialities 
which is capable of removing several ill effects and imbal-
ances in the body during infection. It consists of 95% water, 
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2.5% urea, and other 2.5% is the combination of 24 types of 
salts, hormones, enzymes, vitamins, minerals and antioxi-
dants (Edwin et al. 2008). It is used as biofertilizer to enrich 
nutrient contents in soil and biopesticides to kill bacteria, 
viruses and fungi (Jandaik et al. 2015). Cow urine has a pool 
of sources like nitrogen, phosphorus, potassium, calcium, 
magnesium, sulfur, chlorite, iron, silicon, lactose, carbolic 
acid, urea, aromatic acids, aurum hydroxide, hippuric acid, 
protein and creatinine. The urea vitamins in urine are A, B, 
C, D and E and gold acids (Pathak & Kumar 2003). It also 
works as a plant hormone to enhance the growth of the plant 
and correct micronutrient deficiency in plants (Pradhan et al. 
2018, Sahu et al. 2016).

Buffalo urine (Mahishamutra) has been in use in Ayurve-
da and traditional medicines. The contents of Mahishamutra 
are like that of cow urine but the exception is reduced level 
of nitrogen and phosphorus content and increased level of 
solids, urea and uric acid (Gianluca et al. 2014, Shourbagy 
& Abdel 1953). The cattle urine also contains the microele-
ments like barium, strontium, copper, lead, zinc, nickel and 
copper (Raghu 2015). The urine composition of buffaloes 
varies in their oestrous cycle and gestation period (Barman 
et al. 2013). The Mahishamutra is used as a medicine in the 
treatment of oedema, piles, abdominal diseases and also 
alleviate the loss of appetite (Thakur 2004).

Mango (Magnifera indica L.) belongs to Anacardiaceae 
family and is the eighth most produced fruit in the world.  
The global demand for mango is fast-paced because it is 
a cardinal component of the diet and rich in vitamins and 
minerals.  India produces over 18.7 million tons of mango 
where it stands number one in production (Felipe 2000). The 
mango is very eminent due to its wide range of adaptability, 
high nutritive value, richness in variety and delicious taste.

Anthracnose is a prominent pre and post-harvest disease 
of many plants including fruits and vegetables. The disease 
appears in flowers, young fruits, leaves, twigs and stored ma-
ture fruits as slightly, black, sunken, irregular shape lesions 
(Prakash et al. 1997, Fitzell & Peak 1984, Jefferies et al. 
1990). The quiescent infection on immature fruits leads to a 
reduction of yield to 25-30% in mango (Abd-Alla & Wafaa 
2010). The disease spreads with rain splash, insects, wind 
and garden tools. Anthracnose is caused by fungi of genus 
Colletotrichum. It is commonly called as brown blight (coffee 
and tea), dieback (citrus), stem canker and anthracnose tear 
stain (mango) (Sayiprathap et al. 2018, Kamle et al. 2013).

Colletotrichum gloeosporioides is most common disease 
plant pathogenic fungus in many host plants like citrus, yam, 
papaya, tomato, mango, coffee and sweet pepper. The life 
cycle encountered by fungi involves the production of spores 
on a susceptible host, dispersal of spores, penetration of host 

tissue, the start of infection process inside the cell, the emer-
gence of lesions, the formation of bristly spores and spreads 
in various ways. The pathogen has high graving dimension 
at high humidity and temperature of 20-30°C (Davis et al. 
1987). The Penzig reported the pathogenic Colletotrichum 
gloeosporioides. The C. gloeosporioides (Penz.) is ubiqui-
tous species belonging to Ascomycetes family and order 
Melanovoniales, with cosmopolitan distribution (Kamle 
& Pradeep 2016, Ajay Kumar 2014). The pathogen infects 
either as a parasite (primary disease-causing organism), sap-
rophyte (infect deteriorated plant parts) or endophytic fungi 
(live inside plant tissue). The optimal growth conditions for 
C. gloeosporioides are high humidity, the temperature of 
25-30°C and pH 6-7. 

Mancozeb is a non-systemic broad-spectrum protectant 
fungicide for control of a wide range of disease in agricul-
ture, horticulture and ornamental crops. It is a member of 
ethylene-bis (dithiocarbamate) (EBDC). In I962, Rohm and 
Haas signified mancozeb as zinc ion complex of maneb. 
The most versatile group of an organic fungicide is EBDC 
fungicide among which mancozeb is most significant in 
commercial use. The empirical formula is [SCSNHCH2CH2 
NHCSSMN-]x(Zn)y (Venugopal & Sainadh 2016). It is grey 
to yellow coloured powder with multisite action. Mancoz-
eb is a profungicide and breaks down to release ethylene 
bis-isothiocyanate sulphide (EBIS) on exposure to water, and 
converted to ethylene bis-isothiocyanate (EBI) on the action 
of UV light. For control of diseases, mancozeb is sprayed 
with an interval of 14 days between panicle emergence and 
fruit set (Gullino et al. 2010, Jigneshkumar et al. 2014).

MATERIALS AND METHODS

Pathogen Culture

The spores of fungus Colletotrichum gloeosporioides were 
cultured using potato dextrose agar (PDA) medium and 
mango fruit extract agar (MFEA) (Abera et al. 2016) for 6-8 
days at 30°C. The cultural isolate was obtained from infected 
fruits and vegetables such as mango, papaya and chilly. The 
spores were harvested in 7-10 mL of sterile double distilled 
water using inoculation loop in aseptic condition. The cy-
clomixer was used for spore suspension unification and the 
spore concentration was found to be 106 spores per mL with 
the aid of haemocytometer (Abd-Alla & Wafaa 2010).  

Urine Sample Collection

Urine samples of goat, cow and buffalo were collected from 
the domestic yard of Santhekadur village, Shimoga district, 
Karnataka, India. During dawn, around 50-80mL of urine 
sample was collected from healthy livestock in sterile wide-
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X-Ray Diffraction Analysis

The Scherrer formula was used to calculate the crystallite 
domain size from the width of XRD peaks, assuming that 
they are free from non-uniform strains.

 D = 0.94 l / b Cos q
Where, D is the average crystallite domain size perpen-

dicular to the reflecting planes, l is the X-ray wavelength, 
q is the full width at half maximum (FWHM), and b is the 
diffraction angle. To eliminate additional instrumental broad-
ening the FWHM was corrected, using the FWHM from 
a large-grained Si sample. B corrected = (FWHM2sample 
- FWHM2si)1/2.

The lyophilized Mancozeb, AgNPs and Mc-AgNPs of 
different urine samples (goat, cow and buffalo) were coated 
on the grid and subjected to X-ray diffraction (XRD) meas-
urements (Rigaku Miniflex 600). The analysis was carried 
out using X-ray diffractometer with an operating voltage of 
40 kV and a current of 15mA. 

Fourier Transform Infrared Spectroscopy

The Mancozeb, AgNPs and Mc-AgNPs of different urine 
samples (goat, cow and buffalo) were subjected to Fourier 
transform infrared (FT-IR) spectroscopy (Bruker, USA) 
to analyze their spectra. The analysis was carried out with 
potassium bromide (KBr) pellets, recorded in the range of 
500-4000 cm-1.

In Vitro Antifungal Activity of AgNPs and Mc-AgNPs 

The antifungal activity of AgNPs and Mc-AgNPs of different 
urine samples (goat, cow and buffalo) was investigated by 
well plate method, in vitro along with fungicide Mancozeb as 
control. The synthesized fungicides Mancozeb, AgNPs and 
Mc-AgNPs were added to wells made in the solidified potato 
dextrose agar media or mango fruit extract agar (MFEA) 
spread with the sporal culture of Colletotrichum gloeospori-
oides uniformly. The plates were incubated at 30°C for 48-72 
hours for the visualization of inhibition zones. The inhibition 
by fungicide Mancozeb was considered as control. 

RESULTS AND DISCUSSION

UV-Visible Spectroscopy

The UV-Visible spectroscopy is one of the most widely used 
techniques for the structural characterization of AgNPs. The 
absorption band in 350 to 550 nm region is typical for the 
AgNPs.  The UV-visible spectra showed absorption bands 
in 350 to 550 nm region which confirms the formation of 
AgNPs (Sastry et al. 1997, Henglein 1993, Sastry 1998). 
In the present study, we found that the biological synthesis 

mouth containers. After the collection of samples, they were 
immediately transferred to the laboratory and stored at 4°C 
for further use. The urine samples were confirmed for nor-
mal biochemicals parameters (glucose, pH, specific gravity, 
bilirubin, urobilinogen, ketones) with the aid of reagent dip 
strips urinanalysis (URS-10 T strips, Mumbai, India). The 
debris and bacterial contamination in samples were filtered 
through 0.1 µ membrane filter.

Synthesis of Silver Nanoparticles

Silver nanoparticles (AgNPs) were synthesized by the bi-
ological method using urine samples from goat, cow and 
buffalo. Double distilled deionized water was used to prepare 
silver nitrate (AgNO3). Different volumes (5, 10, 15 mL of 
0.001M) of silver nitrate were added dropwise to 50 mL of 
pre-chilled urine samples with constant stirring for 4-6 hours. 
The solution turned to light yellow after the addition of 10 
mL of silver nitrate and to brown when all of the silver nitrate 
has been added. The stirring was continued even after all the 
silver nitrate was added. Finally, the colloid breaks down to 
settled out the particles (Geoprincy et al. 2013).

Synthesis of Mancozeb Conjugated Silver 
Nanoparticles (Mc-AgNPs)

The fungicide, Mancozeb (0.1%) was mixed with urine sam-
ples of goat, cow and buffalo. The mixture was pre-chilled 
for 20 minutes. Silver nitrate (0.001M) solution was added 
dropwise to this mixture with vigorous stirring for about 3 
to 5 hours. The solution turned to brown after the addition of 
20-25 mL of silver nitrate (Raghavendra et al. 2019).

UV-Visible Spectroscopy

The optical properties of synthesized silver nanoparticles 
were determined by UV-Visible spectrometry (Thermosci-
entific). The UV-Visible absorption spectra of AgNPs and 
Mc-AgNPs of goat, cow and buffalo were observed in the 
range 350 nm to 450nm.

Scanning Electron Microscopy (SEM) Analysis

The surface topography and 3D view of the synthesized 
nanoparticles were analysed in SEM (EVO MA18 with 
Oxford EDS). The morphological characteristics of AgNPs 
and Mc-AgNPs from different cattle urine samples (goat, 
cow and buffalo) were established by SEM. The thin films 
of the samples were prepared on a carbon-coated copper grid 
by dropping a very small amount of the sample on the SEM 
grid and the film was allowed to dry by keeping it under 
a mercury lamp for 5-7 min and then subjected for SEM 
analysis with a magnification of 1,00,000x.
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of AgNPs and Mc-AgNPs using goat urine sample showed 
the characteristic absorption peak at 403 nm and 432 nm 
respectively (Fig. 1a and b). The AgNPs and Mc-AgNPs 
synthesized using Cow urine sample showed the character-
istic peak at 377 nm and 405 nm respectively (Fig. 1c and d). 
And the AgNPs and Mc-AgNPs synthesized using Buffalo 
urine sample showed the characteristic peak at 392 nm and 

433 nm respectively (Fig. 1e and f).

Scanning Electron Microscopy (SEM) Analysis

Microscopic surface features including morphology and 
particle size of synthesized AgNPs and fungicide conjugated 
AgNPs were assessed by SEM analysis. The AgNPs and 
Mc-AgNPs synthesized using goat urine sample were found 

 
 

Fig. 1: UV-Vis absorption spectra of (a) AgNPs and (b) Mancozeb conjugated AgNPs 

synthesized from goat urine sample; (c) AgNPs and (d) Mancozeb conjugated AgNPs 

synthesized from cow urine sample; (e) AgNPs and (f) Mancozeb conjugated AgNPs synthesized 

from buffalo urine sample. 
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Fig. 1: UV-Vis absorption spectra of (a) AgNPs and (b) Mancozeb conjugated AgNPs synthesized from goat urine sample; (c) AgNPs and (d) Mancoz-
eb conjugated AgNPs synthesized from cow urine sample; (e) AgNPs and (f) Mancozeb conjugated AgNPs synthesized from buffalo urine sample.
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to be spherical with a diameter ranging from 22 to 28 nm 
and 26 to 32 nm respectively (Fig. 2a and b). The AgNPs and 
Mc-AgNPs synthesized from cow urine sample were found 
to be spherical with a diameter ranging from 26 to 34 nm 
and 30 to 36 nm respectively (Fig. 2c and d). The AgNPs 
and Mc-AgNPs synthesized using buffalo urine sample were 
found to be spherical with a diameter ranging from 28 to 

36 nm and 32 to 40 nm respectively (Fig. 2e and f). SEM 
image also confirms that the synthesized nanoparticles are 
well separated with no aggregation.

X-ray Diffraction Analysis

The Mancozeb and synthesized AgNPs and Mc-AgNPs from 
different cattle urine samples were subjected to X-ray diffrac-

 
Fig. 2: SEM Images of (a) AgNPs and (b) Mancozeb conjugated AgNPs synthesized from goat 

urine sample; (c) AgNPs and (d) Mancozeb conjugated AgNPs synthesized from cow urine 

sample; (e) AgNPs and (f) Mancozeb conjugated AgNPs synthesized from buffalo urine sample. 

 

X-ray Diffraction Analysis 

The Mancozeb and synthesized AgNPs and Mc-AgNPs from different cattle urine samples were 

subjected to X-ray diffraction studies to understand the crystallinity and to establish the average 

particle size.  As shown in Fig. 3a, the XRD pattern of Mancozeb alone showed prominent 
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Fig. 2: SEM Images of (a) AgNPs and (b) Mancozeb conjugated AgNPs synthesized from goat urine sample; (c) AgNPs and (d) Mancozeb conjugated 
AgNPs synthesized from cow urine sample; (e) AgNPs and (f) Mancozeb conjugated AgNPs synthesized from buffalo urine sample.
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tion studies to understand the crystallinity and to establish 
the average particle size.  As shown in Fig. 3a, the XRD 
pattern of Mancozeb alone showed prominent characteristic 
peaks of 2q at 20.15°, 29.64° and 39.75° which confirms the 
presence of Mancozeb (Liang et al. 2010).

The XRD pattern of AgNPs synthesized from goat urine 
sample (Fig. 3b) has prominent diffraction peaks of the 2q 
values of 30.34°, 39.16°, 46.82° and 65.59° which can be 

assigned to (111), (200), (220) and (311) planes, respectively, 
with some minor peaks (Jamdagni et al. 2018). The XRD 
pattern of Mc-AgNPs synthesized from goat urine sample 
(Fig. 3c) showed characteristic peaks of 2q at 20.65°and 
29.89° corresponding to Mancozeb and the peaks of 2q at 
39.56° and 47.68° corresponding to AgNPs.

The XRD pattern of AgNPs synthesized from cow urine 
sample (Fig. 3d) has prominent diffraction peaks of the 2q 

 
Fig. 3: XRD pattern of (a) Mancozeb; (b) AgNPs synthesized from goat urine sample; (c) 

Mancozeb conjugated AgNPs synthesized from goat urine sample; (d) AgNPs synthesized from 

cow urine sample; (e) Mancozeb conjugated AgNPs synthesized from cow urine sample; (f) 

AgNPs synthesized from buffalo urine sample; (g) Mancozeb conjugated AgNPs synthesized 

from buffalo urine sample. 
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Fig. 3: XRD pattern of (a) Mancozeb; (b) AgNPs synthesized from goat urine sample; (c) Mancozeb conjugated AgNPs synthesized from goat urine 
sample; (d) AgNPs synthesized from cow urine sample; (e) Mancozeb conjugated AgNPs synthesized from cow urine sample; (f) AgNPs synthesized 

from buffalo urine sample; (g) Mancozeb conjugated AgNPs synthesized from buffalo urine sample.
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values of 21.22°, 30.89°, 38.73°, 48.59° and 53.32° which 
can be assigned to (111), (200), (220) and (311) planes, 
respectively, with some minor peaks. The XRD pattern of 
Mc-AgNPs synthesized from cow urine sample (Fig. 3e) 
showed characteristic peaks of 2q at 20.17° and 39.86° cor-
responding to Mancozeb and the peaks of 2q at 30.69° and 
53.62° corresponding to AgNPs.

The XRD pattern of AgNPs synthesized from buffalo 
urine sample (Fig. 3f) has prominent diffraction peaks of 
the 2q values of 21.08°, 28.86°, 32.52°, 42.79° and 47.96° 
which can be assigned to (111), (200), (220) and (311) planes, 
respectively, with some minor peaks. The XRD pattern of 
Mc-AgNPs synthesized from buffalo urine sample (Fig. 3g) 
showed characteristic peaks of 2q at 39.29° corresponding to 
Mancozeb and the peaks of 2q at 32.04°, 42.09° and 47.91° 
corresponding to AgNPs. 

The data confirm that Mancozeb has been successfully 
adsorbed on the surface of AgNPs.

Fourier Transform Infrared Spectroscopy

The Mancozeb and synthesized AgNPs and Mc-AgNPs 
from different cattle urine samples were subjected to Fourier 
transform infrared spectroscopy studies. The FTIR spec-
trum of Mancozeb (Fig. 4a) shows characteristic peaks at 
3313.46 cm-1 showed the stretching vibrations of -N-H group, 
2978.95 cm-1 corresponds to -C-H groups and 1286.51 cm-1 
Corresponds to -C-N group which confirms the presence of 
Mancozeb as shown earlier (Bahram et al. 2017). 

The FTIR spectra of synthesized AgNPs synthesized 
from goat urine sample showed various absorption bands for 
different chemical groups (Fig. 4b) at 3319.62 cm-1, 1627.57 
cm-1, 1108.46 cm-1 and 874.21 cm-1 (Arment et al. 2005). 
The FTIR spectrum of Mc-AgNPs synthesized from goat 
urine sample (Fig. 4c) shows distinct peaks at 3295.13 cm-1 
illustrating the stretching vibrations confirms the AgNPs. 
The peaks at 2976.05 cm-1 and 1282.61 cm-1 establish the 
adhesion of Mancozeb on the AgNPs.

The FTIR spectra of synthesized AgNPs synthesized 
from cow urine sample showed various absorption bands for 
different chemical groups (Fig. 4d) at 3429.14 cm-1, 1626.96 
cm-1, 1119.04 cm-1 and 714.88 cm-1. The FTIR spectrum 
of Mc-AgNPs synthesized from cow urine sample (Fig. 
4e) shows distinct peaks at 3424.62 cm-1 and 719.99 cm-1 
illustrating the stretching vibrations confirms the AgNPs. 
The peaks at 3302.62 cm-1 and 2970.67 cm-1 establish the 
adhesion of Mancozeb on the AgNPs.

The FTIR spectra of synthesized AgNPs synthesized from 
buffalo urine sample showed various absorption bands for 
different chemical groups (Fig. 4f) at 3438.81cm-1, 1641.78 

cm-1, 875.56 cm-1 and 476.34cm-1. The FTIR spectrum of 
Mc-AgNPs synthesized from goat buffalo sample (Fig. 4g) 
shows distinct peaks at 3440.03 cm-1, 1640.98 cm-1, 871.42 
cm-1 illustrating the stretching vibrations confirms the Ag-
NPs. The peaks at 2968.74 cm-1 establish the adhesion of 
Mancozeb on the AgNPs.

Antifungal Activity of AgNPs, Mancozeb and Mc-
AgNPs

The antifungal potential of AgNPs, Mancozeb and Mc-Ag-
NPs was assessed against Colletotrichum gloeosporioides 
which causes anthracnose disease. The results showed that 
the inhibition of fungal growth was observed with Mancozeb, 
AgNPs and Mc-AgNPs of goat urine (Fig. 5). The Mancozeb 
(1%) significantly inhibited with an inhibition zone of diam-
eter 1.3 cm which is 85.71% more than the AgNPs which 
showed the inhibition zone of diameter 0.7cm. Further, the 
Mc-AgNPs exhibited the highest growth inhibition of Colle-
totrichum gloeosporioides (~146.15%) more as compared to 
fungicide Mancozeb alone with an inhibition zone of 3.2 cm. 

The inhibition of fungal growth was observed with 
Mancozeb, AgNPs and Mc-AgNPs of cow urine sample 
(Fig. 6). The Mancozeb (1%) significantly inhibited with 
an inhibition zone of diameter 0.9 cm which is 80.0% more 
than the AgNPs which showed the inhibition zone of diameter 
0.5 cm. Further, the Mc-AgNPs exhibited the highest growth 
inhibition of Colletotrichum gloeosporioides (~133.33%) 
more as compared to fungicide Mancozeb alone with an 
inhibition zone of 2.1 cm.

The inhibition of fungal growth was observed with 
Mancozeb, AgNPs and Mc-AgNPs of buffalo urine sample 
(Fig. 7). The Mancozeb (1%) significantly inhibited with an 
inhibition zone of diameter 0.7 cm which is 75.0% more than 
the AgNPs which showed the inhibition zone of diameter 0.4 
cm. Further, the Mc-AgNPs exhibited the highest growth 
inhibition of Colletotrichum gloeosporioides (~114.28%) 
more as compared to fungicide Mancozeb alone with an 
inhibition zone of 1.5 cm.

These results illustrate that Mc-AgNPs synthesized from 
goat urine sample have shown 52.38% more potency against 
C. gloeosporioides compared to Mc-AgNPs synthesized 
from cow urine sample and 113.33% more effective than the 
Mc-AgNPs synthesized from buffalo urine sample.

CONCLUSIONS

Currently, there are many chemical fungicides to control 
plant pathogens which are being used at very high con-
centrations thus causing environmental pollution. Hence, 
there is a great need to reduce the use of high concentra-
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Fig. 4: Fourier transform infrared spectroscopy of (a) Mancozeb. (b) AgNPs synthesized from 

goat urine sample. (c) Mancozeb conjugated AgNPs synthesized from goat urine sample. (d) 

AgNPs synthesized from cow urine sample. (e) Mancozeb conjugated AgNPs synthesized from 

cow urine sample. (f) AgNPs synthesized from buffalo urine sample. (g) Mancozeb conjugated 

AgNPs synthesized from buffalo urine sample. 

 

Antifungal Activity of AgNPs, Mancozeb and Mc-AgNPs 

a 

c b 

d
d 

e 

f g 

Fig. 4: Fourier transform infrared spectroscopy of (a) Mancozeb. (b) AgNPs synthesized from goat urine sample. (c) Mancozeb conjugated AgNPs 

synthesized from goat urine sample. (d) AgNPs synthesized from cow urine sample. (e) Mancozeb conjugated AgNPs synthesized from cow urine 

sample. (f) AgNPs synthesized from buffalo urine sample. (g) Mancozeb conjugated AgNPs synthesized from buffalo urine sample.
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The inhibition of fungal growth was observed with Mancozeb, AgNPs and Mc-AgNPs of cow 

urine sample (Fig. 6). The Mancozeb (1%) significantly inhibited with an inhibition zone of 

diameter 0.9 cm which is 80.0% more than the AgNPs which showed the inhibition zone of 

diameter 0.5 cm. Further, the Mc-AgNPs exhibited the highest growth inhibition of 

Colletotrichum gloeosporioides (~133.33%) more as compared to fungicide Mancozeb alone 

with an inhibition zone of 2.1 cm. 

 
Fig. 6: Antifungal activity of a) AgNPs synthesized from cow urine sample, b) Mancozeb and c) 

Mancozeb conjugated AgNPs.   
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Fig. 6: Antifungal activity of a) AgNPs synthesized from cow urine sample, b) Mancozeb and c) Mancozeb conjugated AgNPs.  

The antifungal potential of AgNPs, Mancozeb and Mc-AgNPs was assessed against 

Colletotrichum gloeosporioides which causes anthracnose disease. The results showed that the 

inhibition of fungal growth was observed with Mancozeb, AgNPs and Mc-AgNPs of goat urine 

(Fig. 5). The Mancozeb (1%) significantly inhibited with an inhibition zone of diameter 1.3 cm 

which is 85.71% more than the AgNPs which showed the inhibition zone of diameter 0.7cm. 

Further, the Mc-AgNPs exhibited the highest growth inhibition of Colletotrichum 

gloeosporioides (~146.15%) more as compared to fungicide Mancozeb alone with an inhibition 

zone of 3.2 cm.  

 
Fig. 5: Antifungal activity of a) AgNPs synthesized from goat urine sample, b) Mancozeb and c) 

Mancozeb conjugated AgNPs.   
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Fig. 5: Antifungal activity of a) AgNPs synthesized from goat urine sample, b) Mancozeb and c) Mancozeb conjugated AgNPs.  

tion of fungicides to control plant pathogens which affect 
several crops worldwide. It has been very well established 
that AgNPs alone can be an effective means of controlling 
plant pathogens. However, in the present study, we have 
synthesized Mc-AgNPs from goat, cow and buffalo urine 
which greatly enhanced the antifungal potency against 

Colletotrichum gloeosporioides at very low concentrations. 
These can be applied as an economical and environmentally 
friendly method to control Colletotrichum gloeosporioides 
which causes anthracnose disease. These Mc-AgNPs could 
potentially be used in the field to control anthracnose disease 
caused by C. gloeosporioides affecting various plants.
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Fig. 7: Antifungal activity of (a) AgNPs synthesized from buffalo urine sample, (b) Mancozeb and (c) Mancozeb conjugated AgNPs.
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