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ABSTRACT 
 

The present study was conducted to prepare nano turmeric particles (NT) by ultrafine grinding from 
raw turmeric powder (RT). In addition, evaluate and compare the antimicrobial activity of raw and nano 
turmeric methanolic extracts. Different concentrations of methanolic extracts were prepared and 
antimicrobial activity was determined against some of bacterial, yeast and mold strains. The antimicrobial 
activity of all examined turmeric extracts at different concentrations was determined against different cell 
population of all tested strains and was expressed as diameter of inhibition zones. The results revealed that 
ultrafine grinding has effectively milled the turmeric particles to nano-scale. Prepared turmeric 
nanoparticles were characterized as spherical shape with particle size range from 25-148 nm. Results of 
antimicrobial activity showed that all turmeric methanolic extracts inhibited markedly the growth of all 
tested strains; however, the inhibition effects differed with regard to the concentration of methanolic 
extracts as well as the type of tested microorganisms. Generally, the results indicated that NT methanolic 
extracts exhibited significantly stronger antimicrobial activity compared to RT methanolic extracts. 
Subsequently, we found that nano turmeric particles (NT) are an extremely strong antimicrobial agent with 
potential applications in the food industries as a natural safe alternative to the synthetic antimicrobial 
agents. 

 
Key words: Turmeric, curcumin, ultrafine grinding, nano-technology, functional properties and 

antimicrobial activities.  

 
Introduction 
 

The use of antimicrobials is a common practice for preservation of foods; incorporation in a food 
recipe of chemical antimicrobial agents towards inhibition of spoilage and pathogenic microorganisms 
results in the compositional modification of food. This treatment is nowadays undesirable for the 
consumer, who likes natural products, and minimally processed foods of high quality, with a fresh 
appearance, taste, easy to eat, prepared without chemical preservatives, safe and possessing long shelf-life 
(Lucers et al., 2012).  

The production of synthetic coloring agents and other chemicals used as food additives or food 
preservatives under increasing stress due to a renewed interest in the use of natural products in food 
formulation and the strong interest in minimizing the use of chemical processe to produce food ingredients 
(Domínguez and Webb, 2003). 

Spices are the most commonly used of natural antimicrobial and antioxidant agents in foods. 
Addition of spices in foods not only imparts flavour and pungent stimuli but also provides antimicrobial 
property. Spices have been used in traditional medicines for thousands of years, and have shown promise 
as a source of components for the development of new drugs (Pandit et al., 2011). Many medicinal plants 
produce antimicrobial and antioxidant properties which protect the host from cellular oxidation reactions 
and other pathogens highlighting the importance of search for natural antimicrobial drugs (Wojdylo et al., 
2007). Most of the foods borne bacterial pathogens are sensitive to extracts from plants such as garlic, 
turmeric and oregano. 

Turmeric (Curcuma longa L.) is one of the major spices containing natural antimicrobial and 
antioxidant components. It has been commonly consumed as most popular medicinal herbs around the 
world and it is originates from India, Southeast Asia and Indonesia. Generally, the powder produced from 
this natural product has been used commercially as a spices, pigment, flavour, preservative and additive, it 
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is also used in wild range in curries and mustards. Besides, it is also utilized as a therapeutic agent used in 
several foods; because of its low side effects (Maizura et al., 2011 and Winter et al., 2011).  

Turmeric is containing natural phytochemical components such as curcuminoids and is reported to 
possess numerous medicinal properties and wide spectrum of biological actions which include; 
antioxidant, antiinflammatory, anticarcinogenic, antimutagenic, anticoagulant, antidiabetic, antifertility, 
and antimicrobial activities (Ishitha et al., 2004 and Sandhir et al., 2015); also reported therapeutic 
property against a variety of diseases ranging from cancer to cystic fibrosis and this provides a basis for 
exploring its endodontic applications. These curcuminoids are polyphenols component known to have 
strong antimicrobial and antioxidant activities (Cousins et al., 2007; Prasanna et al., 2011 and Xie et al., 
2015). This polyphenolic compound due to a variety of biological activities has been gained significant 
attention of researches all over the world (Anand et al., 2010). Turmeric extracts are found to show 
antibacterial activity against methicillin resistant Staphylococcus aureus (Kim et al., 2005). 

Regardless of being a powerful bioactive agent and natural source of antimicrobial and 
antioxidant, turmeric is practically water-insoluble and has low bioavailability (Modasiya and  Patel, 
2012); a possible solution to this obstacle would be the development of formulations of turmeric 
nanoparticles to improve its stability as well as bioactivities (Mohanty and Sahoo, 2010). The greater 
surface area per mass unit compared with larger-sized particles of the same chemistry renders tiny particles 
has been showed more biological activity (Sanguansri and Augustin, 2006). Also, the possible use of 
nanotechnology in food research has attracted much attention, and become the focus of research in many 
countries (Zhu et al., 2010 and Sandhir et al., 2015).  

Several and different processing methods have been suggested, that such techniques can be 
employed to modify the food product structure and composition to enhance the bioactivity of their 
phenolic components. These techniques were based on using either wet-fractionation processes such as 
enzymatic treatments and fermentation (Penella et al., 2008; Prasanna et al., 2011 and Sandhir et al., 
2015), or dry-fractionation processes such as ultra-fine grinding, air-classification and electrostatic 
separation (Hemery et al., 2007). Furthermore, superfine powders are easier to incorporate into food 
structure and for absorption by the body, which would consequently improve the quality and safety of food 
products and human health.  

Nanoparticles containing antimicrobial and antioxidant constitutes could be considered as new 
trend of antimicrobial therapies agents for prevention and reduction of food spoilage and pathogenic 
microorganisms (Sandhir et al., 2015 and and Amalraj et al., 2016). Reducing particle size of these poorly 
water-soluble materials by ultrafine grinding is considered as another way to improve water solubility, 
bioavailability and biological activity. As particle size decrease, some changes in surface area and structure 
of material were made and some new outstanding characteristics were brought. These characteristics 
compared with the conventional particle materials might find some new applications in food industry 
(Zhao et al., 2009 and Sandhir et al., 2015).  

The main objectives of this study were to apply ultrafine grinding as one of modern techniques to 
modify the structure of tested turmeric powder that used as natural antimicrobial in food products in 
nanoparticle form; and compare between the antimicrobial activity of prepared raw and nano turmeric 
powder extracts.  
 
Materials and Methods 
 
Materials:  
 

Turmeric powder was purchased during 2016 from the local market, Cairo, Egypt. All chemicals 
and reagents used in the analytical methods (analytical grade) were produced by Sigma–Aldrich, Inc. (St. 
Louis, M., USA); also all media used in determination of antimicrobial activity were produced by Oxoid 
Limited (England) and purchased from EL. Gomhouria trading chemicals and drugs company. 

The tested microorganisms which were used in antimicrobial activity studies are bacterial strains 
including; B. cereus DSMZ 345, L.monocytogenes ATCC 19116; St. aureus ATCC 6528; E. coli O157:H7 
ATCC 51659 and S. typhimurium ATCC 14028; yeast strains including: Candida albicans ATCC 10231 
and Geotricum candidum NRRL Y-552 and mold strains including; Aspergillus niger ATCC 102, 
Aspergillus flavus ATCC 247 and Fusarium moniliform ATCC 206. The aforementioned strains were 
obtained from the Egyptian Microbial Culture Collection (EMCC) at the Microbial Resource Center 
(Cairo, MIRCEN), Faculty of Agriculture, Ain Shams University, Cairo, Egypt.  
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Methods:  
 
Preparation of raw and nanoparticles turmeric powder: 
  

Dried turmeric powder was ground to fine powder and passed through a 30-mesh sieve to prepare 
the raw turmeric (RT) powder and packed in polyethylene bags and stored at -20 °C until use. On the other 
hand the dried powder was ground to prepare the nano turmeric (NT) powder using 5 mm zirconium oxide 
ball and zirconium oxide bowl volume 250 mL in a high energy nano ball milling (PQ-N2-100 Planetary 
Ball-mill, Retsch, Germany) as described by Zhu et al. (2010) with some modifications. Samples (100 g) 
were ground at 30 Hz frequency for 30 min at room temperature (~24 °C).  

 
Transmission electron microscopy and particle size, zeta potential measurements: 
 

The surface morphology of prepared turmeric nanoparticles (NT) and their particle size were 
analyzed with a JEOL JX 1230 transmission electron microscopy technique with micro analyzer probe, 
Japan. This technique was used to determine the particle size of the investigated sample and the system 
was run by Nanoscope software. Also, turmeric nanoparticles were examined by establishing their 
hydrodynamic diameter using Nano Zeta Sizer Instrument (Model Malvern, Nano Series, United 
Kingdom) according to Feng et al., (2012); 4.5 mg of the prepared nanosuspension were solubilized in 10 
mL deionized water then centrifuged at 5,500 rpm for 20 min. The average of five measurements and zeta 
potential were estimated on the basis of electrophoretic mobility under an electric field as an average of 30 
measurements (Carvalho et al., 2015). 

  
Preparation of methanolic raw and nano turmeric extracts: 
 

Dried raw turmeric (RT) powder and nano turmeric (NT) powder samples (4 g) were 
homogenized for 1 min at 24,000 rpm using an Ultra-Turrax T-25 Tissue homogenizer (Janke & Kunkel, 
IKA®-Labortechnik, Saufen, Germany) in 50 mL of 80% methanol and 2 ml dimethyl sulfoxid (DMSO) at 
room temperature. The homogenized extract was shaked overnight at 1,500 rpm. Then, methanolic RT and 
NT extracts were centrifuged at 3,000 rpm for 15 min and filtered through 0.22 µm polytetrafluoethylene 
(PTFE) filters (Carvalho et al., 2015).  

 
Determination of antimicrobial activity of methanolic raw and nano turmeric extracts:  
Preparation of inoculates: 
 

Stock cultures of tested bacterial strains were activated by loopful of stock culture into nutrient 
broth medium and incubated at 30 or 37 °C for 24 h. then the incubated suspensions of tested strains were 
enumerated using plate count method. The above mentioned procedure was repeated for tested yeast 
strains using potato dextrose broth medium and incubated at 28-30 °C for 48-72 h with regular shaking. 
They were counted using plate count method on potato dextrose agar medium. Finally, the tested mold 
strains which were intended to achieve the antifungal assay were prepared as follows: stock cultures were 
activated on potato dextrose agar medium after acidification which was immediately poured into petri 
dishes (90 mm). Stock cultures were activated by seeding the plates in the center with 5 mm agar disc of 7 
days old culture of tested fungi which were grown on the same medium, and then the plates were incubated 
for 7-10 days at 28 °C.  

 
Screening of the antimicrobial activity against bacterial and yeast strains: 
 

The paper disc diffusion technique was used as screening method to determine the antimicrobial 
activity of RT and NT methanolic extracts against bacterial and yeast strains, the method according to (Lai 
et al. 2009 and Rachana and Venugopalan, 2014) was used with some modifications as follows: About 3 
ml of soft nutrient agar (0.75% agar) containing 50 µl inoculums of tested bacterial strain was layered over 
20 ml of hard nutrient agar containing (2.0% agar), while about 3 ml of soft potato dextrose agar (0.75% 
agar) containing 50 µl inoculums of tested yeast strain was layered over 20 ml of hard potato dextrose agar 
containing (2.0% agar). Sterilized filter paper discs (8 mm of diameter) were injected with 25 µl of 
different concentrations 5, 10, 15, 20 and 25 (mg/ml) of RT and NT methanolic extracts. The injected discs 
were put in the middle of plates, and then the plates were incubated at 30 or 37 ºC for 28 h for bacteria and 
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at 28-30 °C for 48 h for yeasts. The principle behind the assay technique is fairly simple; when an 
antibiotic injected disc is placed on agar previously inoculated with the rest organism and on moistening, 
the antibiotic diffuses rapidly outwards through the agar producing antibiotic concentration gradient. A 
clear zone or ring will present if the agent inhibit microbial growth. The wider zones surrounding the disc 
indicated to the substance more active. The diameter of the zone of inhibition around each of the discs 
(disc diameter included) was taken as measured of the antimicrobial activity. All tests were performed in 
duplicates. Negative control was prepared using 20 µl of methanol with DMSO solution. 

 
Determination of the minimal inhibitory concentrations (MICs), bacteriostatic and bactericidal effects:  
 

The antimicrobial activity of RT and NT methanolic extracts against both Gram-positive, Gram-
negative bacteria and yeasts strains were examined by detecting of the minimum inhibitory concentrations 
(MICs), which defined as the lowest concentration required for complete inhibition of the tested organism 
after incubation time in broth media and resulting in large inhibition zones of visible growth. The 
appropriate concentrations of RT and NT methanolic extracts which selected as MICs were added to 25 ml 
of nutrient broth for bacterial strains, and potato dextrose broth for yeast strains. The broth media were 
inoculated with 50 µl of tested strains. Different flasks were incubated at 37 °C for (L.monocytogenes, St. 
aureus, E. coli O157:H7 and S. typhimurium) and at 30 oC (for B. cereus, C. albicans and G. candidum) 
with regular shaking for 48 h. Every 4 hours, growth was compared with the control broth visually and 
through the measurement of the log number of colony forming units (log cfu/ ml) by plate count procedure 
(Rachana and Venugopalan, 2014). Bacteristatic concentration was the lowest concentration at which 
bacteria fail to grow in broth, but can grow when broth is plated onto agar. Where bactericidal 
concentration was the lowest concentration at which bacteria fail to grow in broth, and cannot grow when 
broth is plated onto agar. 

 
Determination of antifungal activity: 
 

The antifungal activity of RT and NT was estimated using a growth inhibition assay technique 
(agar dilution method), described by Guo et al., (2007).  Fungal spores were grown on petri dishes filled 
with potato dextrose agar medium. After 7 days of incubation at 28 ºC, the fungal plates were stored in a 
refrigerator at 5 ºC. To test the antifungal effect; different prepared of RT and NT extracts were added 
aseptically to sterile melted PDA media to prepare the concentrations (10, 20, 30, 40, and 50 mg/ml) and 
divided into two groups (duplicate for each was carried out). To each plate in the experimental group (E), 
an appropriate amount of the RT and NT extracts was added. To those of the control group (C), an equal 
amount methanol with DMSO solution was added. After the plates were cooled, the fungal inoculums were 
then placed onto the agar surface. Both groups were incubated for 3-5 days at 28oC. The diameters of the 
largest and smallest fungal colonies were recorded and the averages were calculated. The antifungal in 
terms of inhibition percent of mycelia growth (Antifungal index) was calculated after mycelium of fungi 
was reached the edges of the control plates as follows: 

Antifungal index (%) = [(C – E) / C] X 100                                                                                     
Where C: is the average diameter of the largest and smallest colonies of control groups. 
            E: is the average diameter of the largest and smallest colonies of the experimental groups. 
 

If the inhibition ratio as antifungal index (%) was greater than 20%, the test strains would be 
considered inhibited and the minimal inhibitory concentration (MIC) for that strains were then determined. 
 
Results and Discussion 

 
Transmission electron microscopy and particle size measurements of prepared turmeric nano 
particles: 
 

Dried turmeric powder was ground using high-energy nano-ball-milling; after ultrafine milling, 
the surface morphology of prepared turmeric nanoparticles (NT) and particle size were analyzed with 
transmission electron microscopy (TEM) and dynamic light scattering (Nano Zeta Sizer). The TEM 
micrograph of prepared turmeric nanoparticles was shown in figure (1). 
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Fig. 1: Transmission electron microscopy micrograph of prepared turmeric nanoparticles. 

The TEM image, gives a detailed view of the morphology and particle size of prepared turmeric 
nanoparticles. Nanoparticles were spherical in shape with particle size range from 25-148 nm, which 
indicate that they were in the nano-scale. The effect of ultrafine milling on prepared turmeric nanoparticles 
characteristics obtained by zeta sizer potential report indicated that, the hydrodynamic diameter analyses of 
the particles were ranging between 85-164 nm. 

Figure (2) showed a graph of particles distribution analysis using the Zeta sizer, it could be 
indicated that the particles presented mean diameter of 127.5 nm. Besides the polydispersity index (PDI) 
was 0.16 and zeta potential was 4.7 mV at the pH range of 4.5-6.9. These results indicated that the milling 
process by high-energy ball-milling can effectively reduce the size of the particles to nano-scale; and it is 
thus feasible to apply this treatment to prepare ultrafine powder as nanoparticles.  

 

 

 

 

 

 

 
 
 
 
 
Fig. 2: Distribution of prepared turmeric nanoparticles size gragh generated through zeta sizer instrument. 
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The aforementioned results are in agreement with the results obtained by (Shaikh et al., 2009; Zhu 
et al., 2010 and Xie et al., 2015) they used ultrafine ball milling to decrease the particle size of curcumin 
and wheat bran by using multidimensional swing high-energy nano-ball-milling with ZrO2 balls   (6-10 
mm in diameter). According to their results, after ultrafine milling, the average of particle size was 344 and 
264 nm for wheat bran and turmeric respectively. 
 
Antimicrobial activity of prepared raw and nano turmeric methanolic extracts:  
Preliminary screening of antimicrobial activity: 
 

Antimicrobial activity of RT and NT methanolic extracts against several bacterial species has been 
recognized and is considered as one of the most important properties linked directly to their possible 
biological applications. In vitro preliminary screening of the antimicrobial activities of RT and NT 
methanolic extracts at different concentrations against five strains of pathogenic bacteria and two yeast 
strains, were determined and the results are given in tables (1). 

The antibacterial activity values of RT and NT methanolic extracts at different concentrations 
against pathogenic bacteria were assayed and the measured inhibition zone diameters (mm) are represented 
in table (1). The control plates for all bacterial strains which treated with methanol and DMSO did not 
show any inhibitory effect against all tested bacterial strains. Where, RT and NT methanolic extracts were 
able to inhibit markedly the growth of all tested bacterial strains however the effects differed with regard to 
the concentration of methanolic extracts and tested bacterial strain.  

Furthermore, the obtained data indicated that, the antimicrobial activity of turmeric methanolic 
extracts was exhibited strengthened increased obviously with the increasing of the extract concentrations. 
Additionally, NT methanolic extracts demonstrated significantly stronger antimicrobial activity compared 
to RT methanolic extracts. A similar result has been observed by Rachana and Venugopalan, (2014).  

 
Table 1: Antimicrobial activity of raw and nano turmeric methanolic extracts  

Bacterial and Yeast 

strains 

 Diameter of Inhibition Zones (mm.)  MIC 

(mg/ml) Conc.  

(mg/ml) 

5 10 15 20 25 

RT NT RT NT RT NT RT NT RT NT RT NT 

B. cereus   9 17 13 29 15 29 18 29 18 28 20 10 

L.monocytogenes  11 18 14 26 18 26 20 26 20 27 20 10 

St. aureus   13 19 16 28 19 32 23 32 23 31 20 15 

E. coli   9 14 12 19 14 21 17 21 17 22 25 15 

S. typhimurium   11 14 14 19 15 22 17 24 18 23 25 20 

C. albicans  12 19 15 24 19 32 22 32 22 31 20 15 

G. candidum  10 17 14 25 19 28 23 28 23 29 20 15 

Where: RT: raw turmeric methanolic extract; NT: nano turmeric methanolic extract. 
 
In the light of the obtained data, RT and NT methanolic extracts showed generally stronger 

antibacterial activity against Gram-positive examined bacterial strains than those recorded for Gram-
negative bacterial strains; it was ranged between (10 – 25 mg/ml). B. cereus, L. monocytogenes and St. 
aureus strains observed more sensitivity in presence of both RT and NT methanolic extracts compere to E. 
coli O157:H7 and S. typhimurium. Concerning the ultrafine grinding process, the obtained inhibition zones 
diameter were 18, 20, 23, 17 and 18 mm, respectively for RT methanolic extracts; when NT methanolic 
extracts were examined, whereas their measured diameter were 29, 26, 31, 21 and 22 mm, respectively. It 
could be noticed that, B.cereus, L.monocytogenes and St. aureus were the most sensitive tested strains, 
with the MICs values (20 mg/ml) in the presence of the RT methanolic extract and with MICs values (10-
15 mg/ml) in the presence of the NT methanolic extract.   

Figure (1) illustrated that, the antibacterial effects of both determined RT and NT concentrations 
which were recorded as MICs values showed bactericidal effect. Generally, methanolic extracts of 
turmeric exhibit a stronger antimicrobial activity on Gram-positive bacteria comparing to Gram-negative 
bacteria; because of the presence of lipoteichoic acids, i.e. their lipophilic ends in the membranes that 
facilitate the penetration of hydrophobic compounds present in turmeric. These  compounds  impart crucial  
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Fig. 3: Growth behavior of examined bacterial strains in presence of detected MICs values (mg/ml) of 

methanolic RT and NT extracts.  
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processes in the cell due to the increased membrane permeability, consequently inducing leakage of ions 
and important cell contents, finally leading to the cell death (Tongnuanchan and Benjakul, 2014). On the  
other side, the observed more resistance of tested Gram-negative bacterial strains could be due to the 
presence of extrinsic membrane proteins or cell wall lipopolysaccharides, with the ability of limitation of 
the diffusion rate of hydrophobic compounds through the  cell membrane.  

The minimum inhibitory concentrations (MICs) of RT and NT methanolic extracts at 
concentration of 5 – 25 (mg/ml) were presented in table (1), and the different MICs values ranged from 20 
to 25 (mg/ml) for RT methanolic extracts; and 10 to 20 (mg/ml) for NT methanolic extracts. Similar results 
were reported by Tongnuanchan and Benjakul, (2014) they found that Gram-positive bacteria were 
generally more sensitive than Gram-negative bacteria. The antibacterial activity of the extracts was closely 
associated with their phenolic content. Furthermore (Lawson, 1996 and Shan et al., 2007) concluded that, 
St. aureus was the most sensitive, while E. coli were the most resistant.  

Indeed, higher antibacterial activity of turmeric extracts was reported by several workers (Alcaraz 
et al., 2000;  Bhawana et al., 2011 and Tongnuanchan and Benjakul, 2014) they observed that turmeric 
extracts inhibited growth of E. coli and St. aureus. Alcaraz et al., (2000) and Niamsa and Sittiwet, (2009) 
reported strong antibacterial activity of methanolic turmeric extracts they also mentioned that plants 
phenolic compounds have been found to possess potent antimicrobial.  

The antimicrobial activity of RT and NT methanolic extracts against examined yeast strains are 
summarized in table (1). The results indicated that, RT and NT methanolic extracts inhibited the growth of 
two tested yeasts strains. Moreover, the antimicrobial effect against examined yeast strains was 
strengthened as the concentration of methanolic turmeric extract increased. It could be noticed that, NT 
methanolic extracts generally showed stronger antimicrobial activity compare to RT methanolic extracts. 
As shown in the results, C. albicans was the more sensitive compared to G. candidum. A similar 
observation was found by Tongnuanchan and Benjakul, (2014).  

 
Antifungal activity of raw and nano turmeric methanolic extracts:  
 

Data presented in table (2) showed the antifungal activity of raw and nano turmeric methanolic 
extracts. It could be noticed that, the different concentration of RT and NT methanolic extracts were able 
to inhibit the mycelia growth of three examined fungal strains. Antifungal effect was noticed when 
concentration of RT and NT extracts were increased from 10 to 50 (mg/ml). 

The MICs values of RT methanolic extracts were ranged from 30 to 40 (mg/ml), whereas they 
were ranged from 20-30 (mg/ml) for NT extracts. The obtained data observed that, highest antifungal 
index (%) was found at concentration (50 mg/ml); the antifungal index (%) was ranked in the order: F. 
moniliform > A. flavus > A. niger which values 25.6, 33.5 and 37.5%; respectively with RT methanolic 
extracts; while the antifungal index (%) was ranked in the order: F. moniliform > A. flavus > A. niger their 
values were 37.5, 48.8 and 54.7; respectively with NT methanolic extracts.  

The antifungal activity of RT and NT methanolic extracts has been reported in several studies, 
although antifungal activity against fungus has been shown to be less efficient as compared with its 
activity against bacteria (Ungphaiboon et al., 2005). 

 
Table 2: Antifungal activity of raw and nano turmeric 

Fungal  

Strains 

Antifungal index (%) MIC 

(mg/ml) Conc. 

(mg/ml) 

10 20 30 40 50 

RT NT RT NT RT NT RT NT RT NT RT NT 

A.  niger   6.5 12.4 11.2 17.0 16.5 24.8 21.4 30.0 25.6 37.5 40 30 

A.  flavus   8.5 16.0 14.6 22.3 21.5 31.3 27.9 38.4 33.5 48.8 30 20 

F. moniliform   9.8 18.7 16.7 24.8 23.7 36.5 31.4 42.3 37.8 54.7 30 20 

 
Nevertheless, all these studies indicated that the poly cationic nature of turmeric extracts is the key 

to its antifungal properties and that the length of the polymer chain enhances that activity. An additional 
explanation includes the possible effect that turmeric extracts might have on the synthesis of certain fungal 
enzymes (Tongnuanchan and Benjakul, 2014). 
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Conclusion 

The obtained results revealed that ultrafine grinding could effectively pulverized the turmeric 
particles to nano-scale. Results of antimicrobial activity showed that RT and NT methanolic extracts 
inhibited the growth of all tested strains; in generally NT methanolic extracts exhibited significantly 
stronger antimicrobial activity compared to RT methanolic extracts. It could be considered that nano 
turmeric particles (NT) representing an unique are natural material rich in polyphenols content with 
extremely strong antimicrobial efficiency with potential applications in the food industries as a safer 
alternative to the synthetic antimicrobial agents. 
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