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Abstract: Plant-based materials are reported to have a 
wide range of applications in the environmental and bio-
medical sectors. In this report, we present an economic 
and environmentally friendly supported turmeric pow-
der (TP) biomass for the support of Ag, Ni and Cu nano-
particles (NPs) designated as Ag@TP, Ni@TP and Cu@TP. 
The in situ syntheses of the stated NPs were achieved in 
aqueous medium using NaBH4 as a reducing agent. The 

prepared NPs were applied for the degradation of o-nitro-
phenol (ONP), m-nitrophenol (MNP), p-nitrophenol (PNP), 
methyl orange (MO), Congo red (CR), rhodamine B (RB) 
and methylene blue (MB). Initially, Ag@TP, Ni@TP and 
Cu@TP were screened for the MO dye and antibacterial 
activity, where Ag@TP displayed the strongest catalytic 
activity for MO and bactericidal activities as compared to 
Ni@TP and Cu@TP. The quantity of metal ions adsorbed 
onto the TP was investigated by atomic absorption 
spectroscopy. The Ag@TP, Ni@TP and Cu@TP were char-
acterized through X-ray diffraction (XRD), attenuated 
total reflectance-Fourier transform infrared (ATR-FTIR) 
spectroscopy, thermal gravimetric analysis (TGA), energy-
dispersive X-ray spectroscopy (EDS) and field emission 
scanning electron microscope (FESEM) analysis.

Keywords: Ag@TP; bactericidal activity; dyes reduction; 
nitrophenols reduction; turmeric powder.

1  �Introduction
Nanoparticles (NPs) have diverse applications in drug 
delivery, environmental pollution control, energy, water 
purification and biological applications such as antibacte-
rial, anticancer and antioxidant activities [1]. Various prac-
tices have been developed for the synthesis of NPs, such 
as physical, chemical and mechanical, however, most 
of these methods are toxic, costly, and non-ecofriendly. 
These methods have many other disadvantages, such as 
being expensive, hazard exposure like genotoxicity, car-
cinogenicity and cytotoxicity [2]. Therefore, there is an 
urgent need for the ecofriendly synthesis of NPs, which 
not only replace the toxic chemicals, but also proves their 
performance in various fields. The green synthesis of NPs 
might include the help of biological sources, like plants 
and microorganisms, which are highly appreciated not 
only because of their less toxic nature to human health, 
the environment and other organisms, but also due to their 
low cost, abundant nature and ease in accessibility [3, 4].

Nanoscale materials are highly fascinating in the 
fields of nanoscience and nanotechnology. However, 
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due to their high surface area to volume ratio, they 
are rapidly aggregated and precipitated, which largely 
diminishes their catalytic activities. To manage this 
situation, NPs are supported on various supported 
materials to avoid aggregation and precipitation [5, 
6]. Efficient, supported materials for the stabilization 
of NPs are highly acknowledged in the field of cataly-
sis that can hold and deposit NPs by their inherent 
structures and functional groups characteristics which 
provide them strong support and stability. Many types of 
supported materials are available in the literature such 
as chitosan, cellulose acetate, SiO2, Mn2O3, poly(methyl 
methacrylate), styrene and many more [7–9]. However, 
recently much attention has been paid to the plant-
based supported materials [10–12].

Plant-based supported materials are predominant 
over the conventional support because of their nontoxic 
nature, low cost, abundant availability, biological effec-
tiveness, and ecofriendly nature [13, 14]. A plentiful exist-
ence, biodegradability, biocompatibility, antibacterial 
potential and hydrophilicity are some interesting features 
which give plant-based materials a distinct advantage 
over other supported materials [15]. Furthermore, plant-
based NPs are one of the highly growing areas in the field 
of nanotechnology, due to their safe nature to human 
health and the environment.

The growth in biologically stimulated experiments for 
the synthesis of NPs is evolving into an important branch 
of nanotechnology. For instance, biosynthesized silver NPs 
(AgNPs) could have many applications in selective coat-
ings for solar energy absorption, intercalation material in 
electrical batteries, optical receptors, chemical reactions, 
bio-labelling, and are largely reported as antimicrobials 
and anticancer agents [11, 16, 17]. Different types of plant-
based NPs were produced, such as, copper, zinc, titanium 
[18, 19], magnesium, gold, alginate [20], and silver [21]. 
However, AgNPs are the most studied materials in the sci-
entific field. In prehistoric times, silver was used to treat 
infectious diseases and environmental remediation [22]. 
In ancient times, people used silver for the treatment of 
burns, tract and urinary infections, chronic osteomyeli-
tis, and central venous catheter-related infections [23]. 
However, with the advent of modern nanoscience and 
nanotechnology, the used of silver in the form of AgNPs is 
more beneficial. For instance, AgNPs are effectively used 
as antibacterial agents against various strains of bacteria, 
including methicillin-resistant Escherichia coli (E.  coli), 
Staphylococcus aureus (S. aureus) and Staphylococcus 
epidermidis (S. epidermidis) [24, 25]. Similarly, AgNPs 
effectively inhibited the growth of E. Coli and are reported 
to have broad spectrum antibacterial and bactericidal 

potential [24]. Most importantly, AgNPs are extremely 
good in in vivo studies, as they show little toxicity to mam-
malian cells [26]. Plant-based NPs are efficiently used for 
the removal of pollutants from wastewater [27].

The literature survey revealed that a number of toxic 
organic and inorganic materials, and microorganisms 
including bacteria and viruses, are present in wastewater 
that comes from industrial landfills, municipal landfills 
and agriculture, etc. [28]. Organic pollutants are consid-
ered one of the main problematic issues in water pollu-
tion, especially nitrophenols and dyes. Several aromatic 
compounds such as organic dyes and nitrophenols are 
carcinogenic, causing nephritis, cancer, mutation and 
malformation [8, 29]. By viewing the toxicity of nitro-
phenols, the United State of Environmental Protection 
Agency (U.S. EPA) highlighted p-nitrophenol (PNP), 
o-nitrophenol (ONP), and 2,4-dinitrophenol as “priority 
pollutants” and restrict their concentrations in natural 
water to <10 ng/l (U.S. EPA, 1976). Similarly, strict rules 
and regulations are made mandatory for the industries to 
control these pollutants (U.S. EPA, 1988). The reason for 
the excess discharge of nitrophenols in the environment 
is because of their large scale applications on industrial 
and agriculture levels; therefore, it is extremely neces-
sary to treat them before their exit to the environment, 
because nitrophenols have disturbing effects on the 
kidney, liver, central nervous system, and blood of both 
humans and animals. By contrast, dyes have consider-
able injurious impacts on the environment and human 
health. It was reported that diazo and basic dyes are the 
more toxic classes of dyes [30, 31]. Dyes are the notice-
able hazardous pollutant, due to their mutagenicity and 
carcinogenicity [32]. Dyes have extremely colored materi-
als which color the water at trace amounts and produce 
a thick layer on the water surface. This layer blocks the 
penetration of oxygen and sunlight in the water, which 
affects the biological phenomena of aquatic flora and 
fauna. Moreover, biological degradation of dyes is diffi-
cult due to the consistent nature of the microorganism. 
The Ecological and Toxicological Association of Dye-
stuff inspected 2 × 103 mg/kg LD50 values in 90% of about 
4000 dyes. Therefore, the removal of nitrophenols and 
dyes from wastewater is of prime importance. Dyes are 
one of the most extensively studied materials because of 
their marketable position, toxicity and influences on the 
environment [9, 29]. Worldwide, approximately 10,000 
dyes are commercially available and approximately 
7000 tons are prepared each year by industries [33–35]. 
An aesthetically unfavorable percentage (10–15%) of the 
dyestuffs are discharged into the environment. In Sep-
tember 1997, the United Kingdom made an environmental 
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regulation that zero synthetic chemical materials were to 
be set free in the water, and textile industries guaranteed 
the treatment of waste materials [30]. Similarly, the Euro-
pean Community and developed countries are extremely 
careful in controlling dye effluents.

Synthetic dyes are the most versatile class of dyes 
which are used in printing, pharmaceuticals, and dyeing 
industries, and contribute majorly to water pollution. It is 
reported that color removal is usually more vital than the 
removal of colorless organic compounds from wastewa-
ters, due to their hazardous effects on the aquatic life [2]. 
Usually, these dyes contain the aromatic moieties, which 
are more resistant to biological oxidation and harmful to 
the organism [36].

In the present study, we used turmeric powder (TP) as 
a supported material for silver, nickel and copper NPs for 
environmental applications, by reducing the nitrophenols 
and dyes, as well as for bactericidal potential. TP is mostly 
used in the coloring of food materials, medicine, and 
dietary supplements. The active constituent, curcumin, 
is present in the rhizomes, which are reported to possess 
cardioprotective, anti-amyloidogenic, hepato protective 
and hypoglycemic properties, as well as being used as 
antiparasitic, antifungal and antioxidant agents [37].

2  �Materials and methods
2.1  Chemicals and reagents

Salts of silver, nickel and copper nitrate and sodium borohydride 
were purchased from Sigma-Aldrich (St. Louis, Missouri). TP was 
purchased from the market and nitrophenols and dyes from BDH, 
London, UK. The deionized water used throughout the experiment 
was obtained from the Millipore-Q machine present in the chemistry 
department of King Abdulaziz University, Saudi Arabia.

2.2  �Synthesis of Ag@TP, Ni@TP and Cu@TP NPs

Stock solutions of silver, copper and nickel nitrate (1 m) were pre-
pared, and then diluted to 0.1 m. After that, 1 g adsorbent (TP) was 
added to 50  ml of a 0.1 m solution. All of the solutions were kept 
on an orbital shaker for 5  h to completely saturate the adsorption 
sites, and the reactions were carried out in triplicate; the adsorption 
capacity was determined with an anatomic adsorption spectropho-
tometer. After that, the TP was dried and washed with the distilled 
water in order to remove any remaining unwanted materials. Then 
10 mg of the dried TP was treated with 1 m of the freshly prepared 
NaBH4 solution, where it turns black, indicating the formation of 
metal NPs. The synthesized NPs were then used against the reduc-
tion of isomeric nitrophenols and dyes and the bactericidal potential 
was evaluated.

2.3  �Instrumental characterization

2.3.1  UV-visible analysis: The batch experiments were carried out 
using a time-dependent UV-visible spectrophotometer (Shimadzu, 
MultiSpec1501).

2.3.2  Fourier transform infrared analysis: Similarly, functional 
groups analysis and interaction of the NPs with the TP were 
determined through attenuated total reflectance-Fourier transform 
infrared (ATR-FTIR) spectroscopy using a nicolet iS50 ATR-FTIR 
spectrometer (Thermo Scientific).

2.3.3  Field emission scanning electron microscope and energy-
dispersive X-ray spectroscopy analyses: A JEOL (JSM-7600F, Japan) 
system was used for confirmation of elemental analysis and for 
determination of the morphology and mean diameter of the prepared 
NPs.

2.3.4  Thermal gravimetric analysis: Stability of the materials 
was analyzed through thermal gravimetric analysis (TGA, Thermo 
Scientific TGA) in nitrogen atmosphere at 10°C/min.

2.3.5  X-ray diffraction analysis: The peak crystallinities of the NPs 
were scrutinized through X-ray diffraction (XRD) comprising a Cu Kα 
radiation (λ = 0.154 nm) source of a Thermo Scientific diffractometer. 
A field emission scanning electron microscope (FESEM) (JSM-7600F, 
JEOL, Japan), was used for the surface morphology.

2.3.6  Atomic adsorption study: The uptake of the Ag, Cu and 
Ni ions by TP was studied using a PerkinElmer 400 flame atomic 
absorption spectrophotometer. After 5 h, the TP adsorbed metal ions 
were collected and filtered using Whatman No. 42 filter paper.

2.4  �Reduction of nitroarene and azo dyes

A concentration of 0.1 mmol PNP and 0.05 mmol of all the dyes, along 
with freshly prepared NaBH4 (1 m) were used in this experiment. By 
adding NaBH4, the nitrophenols shifted and increased in wavelength 
(red shift) due to the formation of more stable phenolate anions, 
which appeared at 400 nm, however, the azo dyes transformed to the 
hydrazine derivative and cationic dyes transformed to leuco deriva-
tives after NaBH4 addition. The modified TP (after adsorbing the 
metal ions) becomes black in color after treating with 0.5 ml of 1 m 
freshly prepared NaBH4 solution. The black color clearly shows the 
formation of metallic NPs on the surface of TP. The synthesized NPs 
were dried and applied for the degradation of isomeric nitrophenols 
and dyes. Before the addition of NPs, 0.5 ml of 1 m freshly prepared 
NaBH4 solution was added to a UV cuvette individually containing 
3 ml of nitrophenols and dyes solution. The decrease in the concen-
tration of the analyte was measured with UV-vis spectrophotometer.

2.5  �Bacterial cell culturing

Escherichia coli O157:H7 was used as a model for evaluation of the 
antibacterial activities, and was supplied by King Fahad Hospital, 
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Jeddah. For the antibacterial test, bacterial cells were grown on 
nutrient agar (Sigma-Aldrich-70148) comprising 1 g/l meat extract, 
2 g/l yeast extract, 2 g/l sodium chloride, 5 g/l peptones, and 
15 g/l agar in distilled water. Medium plates of nutrient agar were 
prepared, solidified and sterilized. Bacterial cultures were cleaned 
through solidification on these plates.

2.6  �Antibacterial assessment

The colony forming units count method was used for the assess-
ment of antimicrobial activities of the synthesized materials. 
About 0.15 g/ml of samples that contained 9 ml of liquid medium 
(Nutrient Broth) was added to all test tubes. Afterwards, 1  ml of 
E. coli O157:H7 was put in a 9 ml tube that contained liquid medium 
and incubated at 37°C for 24 h. The samples were diluted serially 
and later spread on nutrient agar. Using a colony counter, the num-
ber of colonies were counted and the experiment was performed 
in triplicate.

3  �Results and discussion

3.1  �Synthesis and characterization

The percent adsorption of metal ions by TP was calculated 
by the decrease in the concentration of Cu2+, Ag1+ and Ni2+ 
ions. The decreases in metal ion concentrations from their 
solution were calculated by comparison with their corre-
sponding stock solution using Eq. (1):

	

(Cs Ct) 100Percent metal ions uptake
Cs

− ×=
�

(1)

where Cs is the concentration of metal ions (mg/l) and Ct 
is the residual metal ions concentration after 5 h of treat-
ment with TP.

The percent adsorptions of the Cu2+ ions were highest 
among all the salts, which showed 44.26% adsorption 
capacity as compared to Ni2+ and Ag1+, which were 41.67% 
and 37.49%, respectively.

The uptake of the metal salts is due to the interac-
tions with -OH functional groups present in the chemical 

constituents of the TP, largely phenolic and terpenoids 
compounds. The % adsorption of metal ions are presented 
in Table 1.

Similarly, the concentrations of metal ions in the solu-
tion were calculated by using Eq. (2):

	

(Cs  50)Conc of metal ions in reaction mixture (Cr)
1000

×= � (2)

were Cr is the atomic adsorption reading, 50 is the amount 
of sample taken for adsorption from 1000 ml stock solu-
tion containing 1 g of adsorbent, and Cs is the concentra-
tion of metal ions in the stock.

The amounts of metal ions adsorbed on 1 g of adsor-
bent from the stock solution were calculated by using 
Eq. (3):

	

×= (Cr  Pa)Amount of metal reduced
50 � (3)

Cr is the concentration of metal ions in the mixture and Pa 
is the percent of metal ions adsorbed on 1 g of adsorbent, 
as shown in Figure 1A.

The amounts of the metal adsorbed by TP were cal-
culated using Eq. (3). The amounts of Ag1+, Cu2+ and Ni2+ 
adsorbed in 1 g of TP were 113.4 mg, 96.26 mg and 65.21 mg, 
respectively, as shown in Figure 1B.

Figure 2A depicts the diffraction pattern of TP and 
NPs. A broad peak at 2θ = 20° appeared in the XRD data 
of all samples, due to the presence of organic constituents 
present in the TP and NPs. The Ag@TP displayed diffrac-
tion peaks at 2θ = 38.33° (111), 2θ = 64.7° (220) and 2θ = 77.7 
(311) [38, 39]. The Cu@TP NPs displayed a sharp peak at 
2θ = 43.1° (111). The Ni@TP displayed peaks at 2θ = 43.6° 
(111), and 2θ = 48.8° (200) [40, 41].

The functional groups and particle interactions 
with the materials were determined using ATR-FTIR. All 
of the samples indicated a broad peak at approximately 
3390 cm−1 which is assigned to the -OH stretching vibra-
tion. The broadness of the peak indicates the presence 
of H-bonding, which was clearly found in all the stated 
samples. Similarly, another common peak in all of the 
NPs, including TP, is the C-H asymmetric stretching 

Table 1: Atomic adsorption study adsorption potential of turmeric powder.

Serial number Sample % Adsorption of Cu2 +  ions % Adsorption of Ag1 +  ions % Adsorption of Ni2 +  ions

1 C0 35.12 32.09 40.51
2 Cf 7.28 12.60 11.65
3 % Adsorption 79.27% 60.73% 71.24%

Co is the initial concentration and Cf is the final concentration of the metal salts after treating with turmeric powder.
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vibration, which appeared at 2933 cm−1; this is because the 
organic compound contains C-H bonds. All of the samples 
also contain a peak at 1643 cm−1, which might be due to 
the presence of a conjugated carbonyl group. This group 
is present in the TP, which mainly contains curcumin 
and curcuminoids with conjugated carbonyl groups. 

The absorption peaks at 1036  cm−1 in all of the samples 
are due to the C-O vibrations. The metal NPs peaks were 
clearly displayed at 657 cm−1 in Ag@TP, Ni@TP and Cu@
TP NPs. No change in the chemical composition of TP was 
observed, which suggested that TP acts only as support to 
the NPs. The FIR-ATR data are depicted in Figure 2A.

Figure 1: Atomic adsorption studies for the percent uptake of different metal ions by turmeric powder (TP) (A); mg of metal ions adsorbed on 
1 g of the adsorbent (B).
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TGA was performed to explore the stability of NPs. The 
TGA thermogram of the stated NPs displayed two weight 
losses. The first weight loss which occurred at 246°C is due 
to the TP, while the second weight loss, which occurred 
at 335°C, is attributed to the presence of the uptake metal 
ions as shown in Figure 2C.

The FESEM images were taken at low and high resolu-
tions. The FESEM images of the pure TP were recorded at 
10 μm and 100 nm, and showed a highly rough increase 
surface of the TP, while the Ag@TP NPs at 100 nm which 
displayed 15–20  nm particle size are supported on the 

surface of the TP, as well as adsorbed inside the TP as 
shown in the inset of Figure 3C and D.

The energy-dispersive X-ray spectroscopy (EDS) 
spectrum is depicted in Figure 4. The EDS spectrum 
showed that the NPs are supported by the plant materi-
als and give a strong peak at 3 KeV, which confirms the 
formation of AgNPs [42]. The C, O and Ag appeared in 
the EDS spectrum at 65.02 weight%, 24.78 weight% and 
10.20 weight%, respectively. The presence of C and O ele-
ments in the EDS spectrum supported the stabilization of 
Ag NPs by the TP.

Figure 3: (A) Low and (B) high resolution field emission scanning electron microscope (FESEM) spectrums of turmeric powder (TP) and  
(C, D) high resolution spectrum of Ag@T nanoparticles; the white spot in the spectrum clearly indicated the presence of Ag nanoparticles.

Figure 4: Energy-dispersive X-ray spectroscopy (EDS) spectrum of Ag@TP nanoparticles.
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3.2  �Catalytic reduction of nitrophenol

Initially, the TP and its adsorbed Ag, Ni and Cu ions were 
evaluated for their adsorption capacity. Some 10 mg of the 
pure TP and the modified TP were used against 3  ml of 
0.05 mmol methyl orange (MO) solution for the adsorption 
or degradation phenomena. However, we observed no such 
physical or chemical change after 4 h, which showed that 
the materials were inactive for adsorption or degradation. 
After this, 10 mg of the TP and TP adsorbed Ag, Ni and Cu 
ions were treated with 0.3 ml of 1 m aqueous NaBH4 solu-
tion, which imparts a black color to the adsorbed metal ions 
on TP, suggesting the formation of the respective metal NPs; 
however, the pure TP was not changed. We observed that 
the TP is not reduced to NPs after the addition of NaBH4, 
which reflects that the pure sample has no inherent prop-
erties for NPs formation, and it is only the adsorbed metal 
ions, chelated with the TP, which are reduced to metallic 
NPs after treating with the reducing agent.

After the formation of metal NPs, the catalysts were 
screened against 3 ml of 0.05 mmol solution of MO dyes; 
the fastest catalytic performance was achieved with Ag@
TP NPs followed by Cu@TP, and the slowest performance 
was obtained with Ni@TP, while the TP had no role in this 
reduction reaction, as shown in the inset of Figure  5A. 

After screening the catalysts, the Ag@TP catalyst was 
largely studied for the reduction of isomeric nitrophenols 
(ONP, MNP and PNP), two cationic dyes (methylene blue 
[MB] and rhodamine B [RB]) and two anionic dyes (MO 
and Congo red [CR]).

Some 10  mg of the Ag@TP NPs was employed for 
the reduction of 3  ml of 0.1  mmol of ONP and MNP and 
PNP and monitored in a time-dependent UV-visible spec-
trophotometer. The phenolate anions of ONP and MNP 
were exhibited at 415 nm and 395 nm and 400 nm respec-
tively, and gradually decreased with the passage of time, 
as shown in Figure 5B and C. The conversion of PNP to 
p-aminophenol (PAP) is a benchmark reaction to check 
the catalytic activity of a catalyst, because it is a green and 
atom-economic reaction, where all the reactants are com-
pletely converted into the desired product without any side 
reactions. Furthermore, PAP is an extremely important 
class of organic compounds, which are mainly used at the 
industrial level for the development of hair color, photo-
graphic developer, and dye production [43]. The pure PNP 
exhibited a peak at λmax 318 nm, however, after addition of 
the reducing agent (NaBH4), the PNP shifted to a red shift 
at λmax 400 nm. This is because the reducing agent takes 
the proton from the OH group of phenol, thereby creating 
a phenolate anion. The phenolate anion of PNP is more 

Figure 5: Comparing the Ag@TP, Ni@TP and Cu@TP for methyl orange (MO) reduction (A), time-dependent UV-vis spectrum for the 
reduction of o-nitrophenol (ONP) (B), m-nitrophenol (MNP) (C) and p-nitrophenol (PNP) (D) to aminophenol, rate of reaction deduced from 
lnCt/Co vs time (E) percent reduction of the isomeric nitrophenols (F). The points a, and b in the spectrum (D) indicate the p-aminophenol 
peak and phenolate anion.
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stable than the pure PNP due to the negative charge on the 
oxygen atom. The oxygen atom itself is highly electroneg-
ative, thus efficiently delocalizing the electrons onto the 
benzene ring, which is why the phenolate anions move 
toward the red shift (longer wavelength). Briefly, during 
this hydrogenation reaction, 10 mg of the Ag@TP NPs was 
employed for the reduction of 3  ml of 0.1  mmol PNP to 
PAP and monitored using the time-dependent UV-visible 
spectrophotometer, as shown in Figure 5D. The phenolate 
anions gradually decreased at 400 nm, labelled as point 
(b) in the inset of Figure 5D, and a gradual increase was 
observed at approximately 290  nm. The peak observed 
at 290  nm is largely reported in the literature for PAP, 
labelled as point (a) in the inset of Figure 5D. The % reduc-
tions are shown in the inset of Figure 5F, where 95% of 
ONP is converted in 9 min and 72% of MNP in 8 min, while 
85% of PNP is converted in 26 min. The linear fit plots are 
depicted in Figure 5E, which show 0.935, 0.926 and 0.955 R 
values for ONP, MNP and PNP, respectively.

3.3  �Catalytic reduction of methyl orange

Dyes are an extremely important class of organic com-
pounds which are largely used in the textile industries, 

and it is believed that the dye industries played a key role 
in the development of a country [44]. However, unfortu-
nately, the dye industries dump their remaining dyes to 
the water resources, which pollute the water and even at 
trace amounts, the dyes colorize the water and produce a 
thick foam-like layer on the surface of water which stops 
the diffusivity of sunlight and oxygen, thus creating a 
huge problem for aquatic flora and fauna and affecting 
the environment. Therefore, the complete eradication of 
dyestuff from the environment is extremely important. 
In the present study, we applied the synthesized Ag@
TP NPs for the reduction of two anionic and two cati-
onic dyes. Some 3.5 ml of the solution containing 3 ml 
of 0.05  mmol of the respective dyes and 0.5  ml of 1 m 
NaBH4 solutions were placed in a cuvette and 10 mg of 
the Ag@TP NPs were added to the cuvette. MO dyes have 
λmax at ~464 nm and CR at ~500 nm. After the addition 
of NaBH4 solution, both dyes are converted to hydrazine 
derivatives [45, 46]. The reduction reactions started after 
the addition of the catalyst, and then periodically inves-
tigated through the time-dependent UV-vis spectropho-
tometer, as shown in Figure 6A and B. During the course 
of the reaction, 90% of MO was converted in 13 min and 
approximately 94% of CR dye was reduced in 26 min, as 
depicted in Figure 6A and B. The kinetics for the Ct/Co 
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and % reduction of the dyes are depicted in Figure 6C 
and D, respectively.

Keeping the same experimental conditions of the cati-
onic dyes, 3.5 ml of solution containing 3 ml of 0.05 mmol 
MB and RB dyes and 0.5  ml of 1 m NaBH4 solution were 
placed in a cuvette along with 10 mg of the Ag@TP NPs. 
The MB dyes appeared at λmax ~ 664 nm and RB appeared 
at 554  nm, which gradually decreased with the passage 
of time, as depicted in the inset of Figure 7A and B. After 
the addition of NaBH4 solutions, both the cationic dyes, 
MB and RB, are converted to leuco MB and leuco RB. The 

kinetics of the cationic dyes are displayed in Figure 7C 
and  D, respectively. Approximately 99% of MB and RB 
dyes are reduced in 11 min and 18 min, respectively.

3.4  �Antibacterial activity

The synthesized NPs were evaluated for antibacterial 
activity. All the mentioned NPs exhibited a stronger per-
formance then pure TP. Figure 8 and Table 2 show the 
development properties of the cell viability of E. coli 
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Figure 8: Nutrient agar plates showing antibacterial potential of (A) turmeric powder (TP), (B) Ag@TP, (C) Ni@TP and (D) Cu@TP.
Ag@TP indicated the strongest antibacterial activity, while the nanoparticles (NPs) showed good activity, then turmeric powder (TP).
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(O157:H7) after treatment with TP, Ag@TP, Ni@TP and 
Cu@TP. The results identify that TP, after 12 h and 24 h, 
does not exhibit development prevention against E. coli. 
It was seen that Ag@TP, Ni@TP and Cu@TP exhibited 
improved prevention activity against the designated 
pathogenic bacteria. However, Ag@TP NPs indicated 
the greatest prevention rate with E. coli. Since E. coli is 
a gram-negative bacteria containing a thin peptidogly-
can layer and has a complex cell wall, comprised of two 
cell membranes [47]. The cell membrane is negatively 
charged, which may work together with the positively 
charged Ag@TP NPs. The permeability of cell membranes 
is changed due to the interaction of Ag@TP NPs which 
stopped the intake of nutrients into the cell. Apart from 
the procedure, these NPs can also develop species that 
are highly reactive, such as hydrogen peroxide, superox-
ides or hydrogen radicles. For this reason, the feasibility 
and development of these pathogenic bacteria is reduced 
by using the stated NPs as compared with TP. This results 
clearly demonstrate that Ag@TP NPs can reduce the 
organic pollutant effect as well the growth of E. coli, 
which reflects their applications in the environmental 
and biological sectors.

4  �Conclusion
In the present study we report the facile and green syn-
thesis of Ag, Ni and Cu NPs supported on the pure TP. The 
adsorption capacities of the turmeric plant were deter-
mined using a flame atomic adsorption spectrophotome-
ter. The synthesized Ag@TP, Ni@TP and Cu@TP NPs were 
evaluated for their potential in isomeric nitrophenols and 
dyes reduction, where Ag@TP NPs indicated the strongest 
catalytic activity. The synthesized NPs were also evaluated 
against the gram-negative E. coli, where the Ag@TP NPs 
indicated the highest activity as compared to Ni@TP and 

Cu@TP NPs. The Ag@TP NPs are adsorbed on the surface 
and inside the surface of TP, which gives a high stability to 
Ag@TP NPs; this makes these catalysts suitable for envi-
ronmental and biological studies.
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