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Abstract

	 The green approach was discovered to be a cost-effective and environmentally sustainable 
technique for the production of metal oxide and metallic nanoparticles. In this study, Curculigo orchioides' 
aqueous leaf extract was used to create zinc oxide nanoparticles (ZnO Nps) utilizing a plant-mediated 
component. The important medicinal herb Curculigo orchioides plant extract and zinc acetate were 
used to effectively prepare the ZnO Nps. For the manufacture of ZnO Nps, 0.1 M zinc acetate and 
plant extract were combined in various ratios of 5:5, 6:4, 7:3, 8:2, and 9:1. The 5:5 ratio was fixed. The 
subsequent yellow adhesive was fully dried, gathered, and packaged for further investigation. The 
UV-Vis spectroscopic absorption band, which is unique to ZnO Nps, was seen at 357 nm. The X-ray 
diffraction (XRD) pattern was utilized to assess the average size of ZnO Nps. Results from Energy 
Dispersive Spectrum (EDX) analysis revealed the constitution of zinc and oxygen, with values of 
41.59% and 30.89%, accordingly. FT-IR spectroscopy study revealed the Zn-O bonding absorption 
peak to be around 400 and 600 cm-1. Additionally, the antimicrobial and antidiarrheal assessments of 
the produced ZnO Nps were examined through the disc diffusion technique. This research led to the 
conclusion that numerous biomedical activities are employed by this plant.

Keywords: Curculigo orchioides, Phytochemical screening, ZnO Nanoparticles, 
Characterization, In vitro antidiarrheal activity, Antimicrobial activity.

Introduction

	 Diarrhea is among the primary reasons 
for illness and death in both kids and adults, 
owing to inadequate cleanliness and sanitation. 
The World Health Organization (WHO) describes 
diarrhoea as the passing of three or more watery 

or sloppy faeces per day or more often than is 
typical for the person. A number of bacterial, viral, 
parasitic, and virulent microorganisms, including 
Escherichia coli, Vibrio cholera, Shigella genera, 
and others, may cause this form of sickness, 
which often manifests as symptoms in the 
digestive system (protozoa and helminths). The 
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antibiotic medicines may lessen the duration and 
intensity of diarrheal disease, according to earlier 
research. According to how long it lasts, diarrhoea 
is divided into three categories: acute, persistent, 
and chronic diarrhoea. While virions, germs, and 
pathogens are the main causes of acute diarrhoea, 
functioning or inflammation bowel problems, 
malabsorption disorders, and medications are the 
main causes of chronic diarrhoea.

	 The ayurvedic plant Curculigo orchioides, 
often called as Golden Eye Grass or Talamuli, is 
also described as "Kali Musli" in Hindi. Despite 
being widely utilised in Indian remedies, it is an 
important medicinal herb. Golden Eye Grass is 
a flowery rhizome, annual with many succulent 
root system growing from a short or elongated 
root stock. It can tolerate shade and has resilient 
leaf; In the shade, the leaf will only slightly 
lengthen compare to direct sunlight. Each day 
throughout the blooming season, a golden yellow 
blossom opens at the bottom of the leaves. This 
may create a nice little planter in your house. In 
the Ayurvedic medicine, rhizomes of Curculigo 
orchioides  are employed to make Vrushya 
(aphrodisiac), Brimhana (improving weight), 
Rasayana (antiaging), etc. This herb has an 
important function in medicine because it contains 
a biological substance called curculigoside. The 
herb also includes additional bioactive chemicals 
like xylose, glucuronic acid, fat, starch, mucilage, 
and mannose in addition to the phenolic glycoside 
molecule known as curculigoside. From the entire 
plant, 61 phytoconstituents so far been extracted 
by investigators.

Materials and methods

Phytochemical analysis
Plant collection
	 The leaves of the herb Curculigo orchioides, 
a member of the Amaryllidacae family, were newly 
gathered in the Trichy region. The leaf was properly 
cleaned using regular water several times, then 
with distilled water to remove pollutants. They were 
then dried in a shaded area of the sunlight. Using 
mechanical crusher, the sun shade-dried leaf 
subsequently ground into powder.

Preparation of Plant Extract
	 At ambient temperature, 100 mL of 
several solvent, including methanol, ethyl acetate, 
chloroform, dichloromethane, and hexane in order of 
increasing polarity, were added to 20 g of powdered 
leaves. Grinded leaf components might be removed 
from the prepared solution by first filtering it over 
ordinary filter paper. The extracted material from 
plant source was further processed into filtration 
through Whatman No. 1 filter paper to produce a 
clear solutions. The supernatant was preserved at 
4°C for additional experiments.

Phytochemical assessment of Different Solvents 
Extract of Curculigo orchioides
	 To determine the different phytochemicals 
present in Curculigo orchioides preparations, a 
qualitative evaluation was carried out. Standard 
procedures were utilised for the phytochemical 
analysis, including the different assays and the 
relevant chemicals.

Phytofabrication of ZnO Nps
Preparation of Aqueous Leaf Extract Solution 
(ALE)
	 The microbes are killed by boiling a 20 g 
solutions of powdered leaf in 100 mL of deionized 
water for 20 min at 60 degrees Celsius. To obtain a 
clear solution, it is chilled and thereafter centrifuged 
at 1000 rpm. Following that, the aqueous leaf extract 
was stored at 4°C for future works.

Synthesis of ZnO Nps
	 Employing zinc acetate and plant extracts, 
ZnO Nps were prepared. Double distilled water was 
used to prepare 0.1 M zinc acetate. Plant extract and 
zinc acetate were combined in proportions of 5:5, 
6:4, 7:3, 8:2, and 9:1. With a magnetic stirrer, the 
reaction mixture was constantly swirled at 800 rpm 
while being heated under the boiling point. Within 
an hour, the mixture had taken on a golden hue. 
The entire process took place in the darkness. The 
acquired yellow colour precipitate was repeatedly 
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rinsed with distilled water to produce a white colour 
powder. The solution was then centrifuged at 4°C 
for 15 min at 5000 rpm. The nanoparticles were 
gathered and heated at 60°C for eight hours to dry.

Characterization Techniques
UV-Visible Analysis 
	 The produced ZnO Nps were confirmed 
through UV-Visible spectrum. The produced 
particles were dissolved in deionized water. Utilizing 
Systronic Spectrophotometer, the nanoparticles 
were examined throughout the wavelength range of 
190 to 1100 nm. The distinctive peaks were found 
by sequentially scanning those solutions at spacing 
of 50 nm. The UV-Visible's value was noted.

Fourier Transform Infrared (FT-IR) Spectroscopic 
Analysis
	 Fol lowing ear l ier techniques using 
significant modifications, spectrums were acquired 
using an OMNI-samplerattenuated total reflectance 
(ATR) attachment on an FT-IR spectroscopy (Perkin 
Elmer Spectrophotometer system, USA) (Liu  
et al., 2006). Having steady pressure is exerted, 
a tiny volume of liquid was directly injected on 
the specimen holder of the infrared spectrometer. 
Measurements of infrared absorbance were then 
gathered and computerized for analysis utilizing 
the 21 CFR part 11 software. According to the 
display of every specimen duplicate, the reference 
spectrum were obtained from the cleansed blank 
crystal. The FTIR peak values were noted. Twice-
repeated analyses of each and every study 
supported the spectra. 

SEM analysis of copper nanoparticles 
	 While utilyzing VEGA3 LMU device, 
scanning electron microscopic (SEM) examination 
was carried out. A very tiny number of the zinc 
oxide nanoparticles were dropped onto a zinc 
grid that had been covered with carbon to create 
thin films of the material. Films on the SEM grid 
subsequently dried via placing it beneath a 
mercury lamp for five minutes after excess fluid 
was eliminated with blotting paper.

EDX spectrum
	 The EDX spectra of bio-synthesised zinc 
oxide nanoparticles showed their chemical make-up.
XRD Analysis

	 The X-ray diffraction data absolutely 
demonstrate that both types of leaf extracts produce 
crystalline zinc oxide nanoparticles. The Debye-
Scherrer equation was utilized to determine the 
crystalline size of the synthesised ZnO Nps.

	 Where J is the Bragg angle, l is the 
wave-length of the X-ray source used in XRD K is 
the Scherrer constant which ranges in value from 
0.9 to 1, b is the whole width at half maximum of 
the diffraction peak, and D is the crystallite size 
of ZnO Nps.

Antidiarrheal Activity of Synthesized Zincoxide 
Nanoparticles
	 While using disc diffusion technique, 
the antidiarrheal efficacy of produced zincoxide 
nanoparticles was evaluated towards certain 
microorganisms.

In-vitro antidiarrheal activity 
	 ZnO Nps were tested for their antidiarrheal 
properties using the disc diffusion technique by 
using various pathogens like B. subtilis, E. coli,  
S. aureus, and S. flexneri. In sterile petri plates with 
a diameter of 60 mm, 10 mL of Mueller-Hilton agar 
medium was added before the bacterial culture was 
added. Mueller-Hilton agar plates were covered 
using sterile filter paper discs containing 60, 80, and 
100 µg/mL doses of zincoxide nanoparticles. As a 
positive control, 5 µg of amoxicillin was employed. 
The plates were kept at 37oC for 24 h, and the assay 
was performed two times. The inhibition zone was 
measured in millimetres.

Antimicrobial Activity of Zincoxide Nanoparticles
	 This research used the disc diffusion 
technique to look at the antibacterial and antifungal 
activities of produced zincoxide nanoparticles 
against certain microorganisms.

In-vitro antibacterial activity 
	 ZnO Nps were tested for their antibacterial 
properties using the disc diffusion technique through 
pathogenic bacteria P. vulgaris and P. aeruginosa. 
In sterile petri plates with a diameter of 60 mm,  
10 mL of Mueller-Hilton agar medium was added 
before the bacterial culture was added. Mueller-
Hilton agar plates were covered using sterile filter 
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paper discs containing 60, 80, and 100 µg/mL doses 
of zincoxide nanoparticles. As a positive control,  
5 µg of amoxicillin was employed. The plates were kept 
at 37oC for 24 h, and the assay was performed twice. 
The inhibition zone was measured in millimetres.

In-vitro antifungal activity
	 The disc diffusion technique was used 
to investigate the antifungal effect of zincoxide 
nanoparticles towards test microorganisms. In 
sterile petri dishes (60 mm) loaded with Sabouraud's 
dextrose agar (SDA) and sown with 0.3 mL of 

the test organism. Zincoxide nanoparticles were 
applied to the sterile disc in 10 µL doses of  
60, 80, and 100 µg/mL, correspondingly. Afterwards 
24 h of cultivation at 37°C, the zone of growth 
inhibition surrounding the disc were determined, 
and fluconazole was employed as a control sample.

Results and Discussion

	 Table 1 displays the outcomes of 
phytoconstituents testing performed on various 
solvent extracts of Curculigo orchioides leaves.

Table 1: Phytochemical Screening of Curculigo orchioides

S.No	 Phytoconstituents	 Hexane	 Chloroform	 Ethyl Acetate	 Methanol	   DCM

  1	 Alkaloids	 -	 -	 +	 +	 -
  2	 Carbohydrates	 ++	 ++	 +	 +	 -
  3	 Glycosides	 +	 -	 ++	 +	 -
  4	 Phytosterols	 -	 -	 +	 ++	 -
  5	 Saponins	 -	 -	 +	 ++	 +
  6	 Fixed oils & Fats	 +	 +	 -	 -	 +
  7	 Tannin
	 Phenolic compounds	 +	 -	 +	 -	 +
  8	 Proteins & Free amino acids	 -	 ++	 -	 -	 ++
  9	 Flavonoids	 -	 +	 +	 +	 -
 10	 Terpenoids	 +	 -	 -	 ++	 +

	 According to the findings, methanolic 
extract only contains more phytochemicals, like 
flavanoids and glycosides, than other solvent 
extracts, such as those made using ethyl acetate, 
DCM, chloroform, and hexane.

	 The herbs may act as an anti-microbial 
agent because of the existence of phenolic 
chemicals in the leaves. Terpenoids and alkaloids, 
the other secondary metabolites, were found in 
Curculigo orchioides. Despite its antispasmodic, 
antibacterial, and analgesic properties, pure isolated 
alkaloids and its synthetic analogues are utilised as 
fundamental medical agents. When given to animals, 
they display noticeable physiological responses. In 
contrast, flavonoids have substantial anticancer 
action and are powerful water-soluble free radical 
scavengers and antioxidants that prevent oxidative 
cellular injury. Gastrointestinal flavonoids reduce 
the risk of cardiovascular diseases. These herbs' 
flavonoids, which serve as antioxidants and have 
anti-inflammatory properties. This might be the 
cause Curculigo orchioides has been utilised in 
herbal therapy to heal burns, wounds, and ulcers. 
Tannins contain astringent qualities that speed up the 
recovery of cuts and irritated mucous membranes.

Characterization of Zinc Oxide Nanoparticles
UV-Visible Spectroscopy
	 UV-spectroscopy was utilized to analyze 
the production of ZnO NPs. The absorption 
peak captured by the spectrometer are shown in  
Fig. 1. For produced ZnO NPs, the utmost absorption 
peak was measured at 357 nm. Furthermore, since 
all oxide substances devour broad band gaps and 
have a tendency to have smaller wavelength, these 
findings meet the normal ZnO absorption pattern. 
Additionally, materials with a nanometer likely to 
have even shorter wavelengths.

Fig. 1. UV-Visible Spectrum of Synthesized Zincoxide 
Nanoparticles
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FT-IR
	 Employing FT-IR investigation, the purity 
and type of the nano particles as well as the 
several phytoconstituents presented were identified. 
Phytoconstituents that contact with the zinc surface, 
such as carboxylic acids, phenols, amines, and 
alcohols, stabilize the fabrication of ZnO Nps. The 
existence of -OH stretching vibrations caused the wide 
band to form at 3300 cm-1. At 1463 cm-1, the C-O was 
shown to be extending. The vibrations of the zinc oxide 
stretching were revealed by 1641 and 653 cm-1. It is 
evident from the FT-IR spectra that phytoconstituents 
encircled the zinc oxide nanoparticles.

Fig. 2. FT -IR Spectrum of Synthesized Zincoxide 
Nanoparticles

Scanning Electron Microscope (SEM)
	 The SEM examination provided information 
on the morphology of the surfaces of the zinc oxide 
nanoparticles. Fig. 3 illustrates the dimensions, 
shapes, and variety of the nanoparticles. The 
biogenically created zinc oxide nanoparticles have 
a spherical form and are evenly dispersed.

Fig. 3. SEM image of Synthesized Zincoxide Nanoparticles

Energy Dispersive X-Ray Spectrometer (EDAX)
	 The EDX spectra is  per formed to 
recognize the components that are available 
and the composit ion of the ZnO Nps. The 
creat ion  o f  z incox ide nanopar t ic les  was 
suggested by the zinc and oxygen high peak. 
The produced nanopar t ic les include 30% 
oxygen and 41% zinc.

			 
Element	 Weight%	 Atomic%

     CK	 16.27	 31.63
     OK	 30.89	 45.08
     AlK	 0.15	 0.13
     SiK	 5.96	 4.95
     PK	 2.94	 2.22
     SK	 0.29	 0.21
     ClK	 0.44	 0.29
      KK	 0.15	 0.09
     CaK	 0.16	 0.09
     FeK	 0.54	 0.23
     CuK	 0.62	 0.23
     ZnK	 41.59	 14.86

Fig. 4. EDAX Spectrum of Synthesized Zincoxide 
Nanoparticles

X-ray diffraction studies (XRD)
	 Using XRD experiments at 20 to 80 degrees, 
the zincoxide nanoparticle's size and structure were 
identified. The observed diffraction peaks belong to 
the crystal planes (100), (002), (101), (102), (110), 
(103), (200), (112), and (201) at 31.7°, 34.47°, 
36.31°, 47.67°, 56.69°, and 67.9°, accordingly. This 
is consistent with earlier research on the production 
of ZnO Nps. In the Fig. 5, it was depicted.

Fig. 5. XRD Pattern of Synthesized Zincoxide Nanoparticles

In-vitro Antidiarrheal Activity of Synthesized 
Zincoxide Nanoparticles
	 The disc diffusion technique was used 
to investigate the in vitro antidiarrheal efficacy of 
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produced zinc oxide nanoparticles towards several 
microorganisms, including B. subtilis, S. flexneri,  

S. aureus, and E. coli. The other bacteria were less 
active than S. aureus.

Table 2: In vitro Antidiarrheal activity of Synthesized Zinc oxide nanoparticles

Samples	 Concentrations (µg/mL)		  Organisms/Zone of inhibition (mm)
		  Escherichia coli	 Staphylococcus aureus	 Shigella flexneri	 Bacillus subtilis

Samples (Zinc 	 60	 3	 3	 3	 2
	 80	 5	 5	 4	 4
	 100	 9	 10	 6	 6
Standard (Std) 	 10 µL/disc	 14	 12	 10	 13
(Amoxicillin)

Escherichia coli

Shigella flexneri  Bacillus subtilis

Staphylococcus aureus

Antimicrobial Activity
	 Utilizing the disc diffusion technique,  
the produced nanopar ticles are tested for  
anti-microbial properties towards Gramme-positive 
and Gramme-negative bacteria as well as fungus. As 
there would be a confluent principle of development, the 
findings were seen in perspective of an inhibition zone  
that is circular.
	
	 The disc diffusion technique's findings 
demonstrated that the inhibition is dose-dependent, 
meaning that as the concentration rises, so does 
the inhibition. The antibacterial and antifungal 

properties of the zinc oxide nanoparticles is 
notable. With an ISD of 7 mm, the produced 
zinc oxide nanoparticles were more effective 
towards Pseudomonas aeruginosa. With an ISD 
of 5 mm, the zinc oxide nano particle suppresses  
Proteus vulgaris significantly.

	 The effectiveness was evaluated in 
comparison to the industry standard antibiotics 
Fluconazole and Amoxicillin, which are both used 
to treat fungus and bacteria, respectively. The IZD 
ranges between 8 and 9 mm for amoxicillin and 9 to 
10 mm for fluconazole.

Table 3: In vitro Antibacterial activity of Synthesized Zincoxide nanoparticles

Samples CO zinc nano	 Concentrations(µg/mL)	                              Organisms/Zone of inhibition (mm)
		  Pseudomonas aeruginosa	 Proteus vulgaris

Samples	 60	 3	 2
	 80	 5	 3
	 100	 7	 5
Standard (Std) (Amoxicillin) 	 10 µL/disc	 9	 8
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Table 4: In vitro Antifungal activity of Synthesized Zinc oxide nanoparticles

Samples	 Concentrations (µg/mL)	                 Organisms/Zone of inhibition(mm)
		  Aspergillus flavus	 Candida albicans

Samples	 60	 3	 2
	 80	 5	 4
	 100	 6	 6
Standard (Std) (Fluconazole) 	 10µL/disc	 9	 10

Proteus vulgarisPseudomonas aeruginosa

Aspergillus flavus Candida albicans

Conclusion

	 In this work, Curculigo orchioides ' 
aqueous leaf extract was used to create zinc 
oxide nanoparticles. The existence of different 
phytoconstituents, which are in charge of 
reducing, stabilizing, and encapsulating zinc oxide 
nanoparticles, caused the precipitation to look 
black in color. The examination of the UV and FTIR 
spectrum provided additional proof of the production. 
According to FTIR data, proteins' amine groups 
and phenolics are what reduce and encapsulate 
zinc oxide nanoparticles, prevent aggregation, and 
stabilize the medium for production. The SEM scans 
demonstrated the nanoscale size of the zinc oxide 
particles, which ranged from 20 to 100 nm. By using 
EDAX examination, the zinc and oxygen content of 
zincoxide nanoparticles was determined. After that, 
investigations on the nanoparticles' anti-diarrheal 
and anti-microbial properties showed that they had 

excellent inhibitory properties towards a variety of 
microbes. Therefore, we came to the conclusion that 
the biogenically created ZnO Nps from the aqueous 
leaf extract of Curculigo orchioides are suitable and 
effective anti-microbial agents.
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