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Curcuma (Curcuma longa L.) belongs to the family Zingiberaceae and is a popular spice with a strong taste and remarkable yellowish color which has been increasingly interesting considering its possible to replace synthetic preservatives for containing compounds, such as curcumin, with high antifungal and antimicrobial activities. The goal of this paper was to assess the effect of the aqueous extract from the rhizome powder of Curcuma longa L. at different concentrations inhibiting the development of fungi isolated in bread. We analyzed the minimum inhibitory concentration (MIC), percentage of fungal biomass inhibition, and mycelium diameter of Penicillium panemun, Penicillium citrinum, Cladosporium oxysporum, Cladosporium subliforme, and Aspergillus chevalieri. C. oxysporum and C. subliforme showed lower values for CIM, with 3.12 and 6.25 mg/ml of extract for growth inhibition, while the remaining strains were inhibited at 25 mg/ml. A. chevalieri was the most resistant strain to curcuma extract and suffered no interferences during its mycelium and biomass development processes. Cladosporium subliforme proved higher sensibility to the extract at 5%, with 85.3% and 98.5% of inhibition of mycelial and fungal biomass growth, respectively, followed by P. panemum, P. citrinum, and C. oxysporum with significant sensitivity to curcuma aqueous extract. Our study reveals that in addition to being used as an ingredient to provide food with color and flavor, the antimicrobial properties of curcuma can be studied as an alternative to the use of synthetic antifungal substances and benefit from expanding the shelf life of foods.

Introduction
Saffron (Curcuma longa L.), also known as curcuma, is a species native to Southeast Asia and belonging to the family Zingiberaceae. It is largely cultivated in Asian countries and not restricted only to its use as food, but also present in many different areas of industry, medicine, and agriculture (Vilella & Artur, 2008). The properties of curcuma are related to both the prevention and treatment of diabetes, cancer, and inflammatory processes, as mentioned by Tripathi and Misra (2016), in addition to degenerative processes such as osteoarthritis (Chin et al., 2016), antimicrobial activity against Staphylococcus aureus (Teow et al., 2016), Exserohilum turicicum, Fusarium oxysporum, Colectrotrichum cassiicola. Pseudomonas aeruginosa, Bacillus subtilis, Escherichia coli, Candida albicans (Petnual et al., 2010) and Aspergillus flavus ( Hu et al., 2015).
The substance responsible by the color of curcuma was first isolated during the 19th and named curcumin. Curcuminoids constitute a group of phenolic compounds present in the curcuma which are chemically related to its main ingredient, curcumin, which along with desmethoxycurcumin and bisdemethoxycurcumin represent the main biomolecules in this chemical group (Jayaprakasha et al., 2005).
The World Health Organization (WHO) established that in order to be acceptable, the ingestion of curcuminoids as food additive must range 0–3 mg/kg. Curcuminoids and derived-curcuma products were considered safe by the Food and Drug Administration (FDA) of the United States of America (Amalraj et al., 2017).
Biopreservation has been highlighted among the technologies of alternative food preservation to prolong shelf life and improve sanitary quality minimizing the impact on nutrition and sensory properties of perishable products. Biopreservation explores the antimicrobial potential of different natural origins (Garcia et al., 2010) rationally. Because of their antioxidant and antimicrobial potential, essential oils from aromatic plants have been of great interest of the systematic research for the development of biocontrol herbal agents such as safe, economical products which are easy to use (Kumar et al., 2016). 
In this scenario, the goal of our paper was to study the antifungal capacity of the Curcuma Longa L. aqueous extract through tests in vitro using five strains of degrading filamentous fungi
 Material and Methods
Culture media and reagents
Microbiological tests were performed used the following culture media: potato dextrose agar (BDA) Kasvi Laboratories, malt extract agar (MEA) Kasvi Laboratories, Sabouraud Dextrose Agar (ASD) by Biomark Laboratories Pune 411041 India. RPMI (Roswell Park Memorial Institute Medium), MOPS (3-(N-Morpholino) propanesulfonic acid, 4-Morpholinepropanesulfonic acid). All reagents ranged analytical grade.
Aqueous extract collection and curcumin determination
In order to obtain the aqueous extracts, rhizome powder of Turmeric longa L. (cultivated in Votuporanga – São Paulo – Brazil) was diluted in sterile distilled water with 0.1% Tween 80 both directly (without thermal treatment rhizome powder) and via sterile (autoclave of the rhizome powder to obtain the aqueous extract). 
Curcumin content was determined in the rhizome powder through the adapted method described by FulekiI & Francis (1968). Total curcumin content was expressed in percentage.  
Minimum inhibitory concentration, Mycelial growth, and Fungal biomass
For the microbiological assessments were used strains of Penicillium panemun, Penicillium citrinum, Cladosporium oxysporum, Cladosporium subliforme, and Aspergillus chevalieri isolated from bread and identified through molecular technique. 
Genomic DNA of the fungi was extracted using the extraction kit “Power Soil DNA Isolation kit”(MoBio Laboratories, Inc.) following the manufacturer’s instructions, except for the initial phase, during which the fungi were grown in broth BD (Potato-dextrose) and using about 200 mg of mycelium for the extraction. DNA integrity was verified with agarose gel 1%.
In order to enlarge the region of rRNA ITS1-5.8S-ITS2 we performed a polymerase chain reaction (PCR) by using the primers ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5’-TCCCCGCTTATTGATATGC-3’) (White et al., 1990) according to the methodology described by Rhoden et al. (2012).
The CPR products were purified using the enzymes shrimp alkaline phosphatase and exonuclease I (Sigma-aldrich). The sequencing was carried out using the sequencing platform ABI-Prism 3500 Genetic Analyzer (Applied Biosystems) and results were analyzed through software BioEdit 7.2.5. Nucleotid sequences were compared with others available on the database of the “National Center for Biotechnology Information” (NCBI) using the nBLAST tool with filtering for “type strains.” 
Minimum inhibitory concentration 
Minimum inhibitory concentration (MIC) was determined according to methodology a proposed by Dalben-Dota et al. (2010) as well as the document by CLSI, regulation M38 A established by the National Committee for Clinical Laboratory Standart – NCCLS (2002) with modifications for natural products suggested by Capoci et al. (2015). 500µL of fungal suspension were added to sterile test tubes standardized at 5x104 UFC/mL in medium RPMI and 500 µL of curcuma aqueous extract with serial microdilution reaching the final concentrations of 100; 50; 25; 12.5; 6.25; 3.12; 1.56; 0.78, and 0.4 mg/ml of extract and a 48-hour incubation at 35 °C. 
Mycelial growth and Fungal biomass
According to the methodology by Marques et al. (2004), with modifications, mycelium disks of 5 mm in diameter were removed from each of the fungal species developed in MEA inoculated in the center of petri dishes containing medium BDA and incubated for days at 25 °C. From these colonies we removed plugs of 5mm in diameter inoculated in Petri dishes with the mediums BDA control (without extract addition) and mediums BDA tests containing 1, 2, 5, and 6% of rhizome powder obtained both through direct and sterile via added directly to the culture medium and incubated at 25°C for seven days. The diameter of the colony was measured in millimeters on the seventh day of incubation. The inhibition percentage was obtained through equation Eq (1) by Albuquerque et al. (2006) and modified by Tian et al. (2011). Dc corresponding diameter value of the control group and Dt is the diameter of tests groups. 
Dry weight was determined seven days after the incubation of isolates at 25ºC in mediums BDA control and tests, for which the medium with the cultivation was liquefied through autoclave at 100 ºC, and the mycelium removed using a clamp. Subsequently, the mycelium was transferred to filter paper previously weighted and taken to the greenhouse at 70 ºC. After 72 h of drying, the filter papers were weighted daily until reaching the constant weight and obtaining the value for fungal biomass gravimetrically. Each microbiological tests was performed in three replicates. The mean values were used for drawing the tables and significant difference (p<5%) through the t-Student test.
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Results and Discussion
Quantification of curcumin
The quantification of curcumin in the rhizome powder presented the values of 2.95% for the powder which had not been subjected to thermal treatment and 2.28% for the sterilized powder, indicating a significant difference in the content of this substance with the material autoclave.
Wakte et al. (2011) conducted research to optimize the extraction of curcumin from dried rhizomes of Curcuma Longa using microwave extraction techniques (water and alcohol as solvents), ultrasonic, Soxhlet with acetone and supercritical carbon dioxide assisted techniques, obtaining 90.47% of curcumin recovery with microwave technique, followed by ultrasound, supercritical and soxhlet technique, with rates of 71.42; 69.36 and 2.1%, respectively. Enzyme-assisted ionic liquid extraction of curcumin was also used by Sahne et al. (2017), achieving an increase in curcumin recovery from 3.58% to 5.73% using enzymatic pre-treatment with a mixture of amylase and amyloglucosidase enzymes to destroy the curcuma cell wall before the extraction process.
Raja et al. (2016) reported ar-turmerone (32.73%), curlone (13.36%), beta-cedrene (5.98%), bergamottin (5.39%), and 1-Isobutyl-2.5-dimethyl benzene (4.64%), respectively, as active compounds in the curcuma alcoholic extract. Chen et al. (2018) found 37.19% of curcumin in curcuma alcoholic extracts its main compound. Lim et al. (2011) used curcuma powder to produce bread and reported the percentage of 2.65 mg/g of curcumin in the rhizome powder with the significant content loss (32-54%) during the baking of the bread. 
[bookmark: _GoBack]Prathapan et al. (2009) reported that the concentration of curcumin in the saffron powder thermally treated presented no significant difference in none of the treatments at temperatures from 60 ºC to 100 ºC during the periods from 10 to 60 min. Park et al. (2011) added curcuma powder to the formulation of cakes and pasta and verified relative thermal stability thermal during the baking process, and curcumin remained present at high concentrations in the cakes.
According to Cecilio et al. (2000), the chemical composition found in the curcuma rhizome is influenced by several factors, such as cultivation, type of plantation, type of soil, climate, fertilization, water availability, harvest period, among others. Other important factors for the composition variability of the bioactive are the techniques applied to extract substances of interest as well as the solvents used. 

Antifungal Assessment
The minimum inhibitory concentration (MIC) test revealed that the inhibition of the fungal development occurred for all the strains in our study. Increased inhibition level occurred by adding the concentration of the aqueous extract, in which Cladosporium oxysporum and Cladosporium subliforme were the most sensitive strains, with inhibitory concentrations of 3.12 mg/ml and 6.25 mg/ml, respectively. For the fungi, Penicillium panemum, Penicillium citrinum, and Aspergillus chevalieri the MIC appeared at 25 mg/ml. 
Research by Kumar et al. (2016) used curcuma essential oil at 2.45 mg/ml with activity inhibitory on the growth of Fusarium graminearum. The authors also found an inhibition of the zearalenone production at 30 mg/ml, a concentration which also showed an increase in the production of fungal biomass. 
Aspergillus niger, Botrytis cinerea, Fusarium moniliforme, Glomerella cingulata, and Phyllosticta caricae were assessed regarding their development in the presence of different plant extracts obtained using hot water, methanol at 80%, and acetone. Extracts of Curcuma Longa presented significant inhibitory action at 6.7 mg/ml of the extract containing acetone, Phyllosticta caricae, followed by the inhibition of Aspergillus niger, Botrytis cinerea, Glomerella cingulata, and Phyllosticta caricae with rhizome methanolic extract. F.moniliforme did not suffer any inhibition in the presence of none of the three curcuma extracts (Lee et al., 2007).
The results found when verifying the mycelium diameter and the biomass inhibition are described in Tables 1 and 2, respectively. It is possible to observe that all isolates inoculated in test medium showed different mycelium size in comparison with the isolates from the control medium control. Cladosporium subliforme had the highest value of decrease against the remaining fungi, while Aspergillus chevalieri presented no significant decline in the mycelial growth.
Table 1: Percentage of mycelial inhibition at the concentrations of 1%, 2%, 5%, and 6% of Curcuma Longa L. aqueous extract.
	Fungi 
	D*
	%D1%
	%D 2%
	%D 5%
	%D 6%

	Pp
Pc
	5.6a
1.4a
	69.6
35.7
	82.1
57.1
	78.5
71.4
	80.3
78.5

	Co
	2.7a
	7.40
	3.70
	25.9
	25.9

	Cs
	4.1a
	78.0
	82.9
	85.3
	85.3

	Ac
	1.3a
	23.0
	23.0
	23.0
	23.0


D: mean diameter of the colony in mm after a seven-day incubation in BDA control %D: mycelium inhibition percentage. Pp: Penicillium panemun, Pc: Penicillium citrinum, Co: Cladosporium oxysporum, Cs: Cladosporium subliforme, and Ac: Aspergillus chevalieri. a,b Different letters in the same line indicate significant difference (p<5%) through t-Student test.

Tanveer et al. (2015) suggest that the antimicrobial activity associated with phenolic compounds present in plant  materials are related to the capacity of interaction between its chemical structure (hydrophobic and hydrophilic parts) and the cell membranes of microorganisms leading to alterations in permeability, reduced cytoplasmic content, and precipitation of proteins, which, in turn, generate cellular damage and development inhibition. According to Shelef (1984), the presence of plant spices (aromatic herbs) affects all the phases of microbial growth: phase lag is prolonged, growth speed during the logarithmic phase is reduced, and the total number of cells is decreased.
Table 2: Percentage of fungal biomass inhibition at the concentrations of 1%, 2%, 5%, and 6% of Curcuma Longa L. aqueous extract.
	Fungi 
	P*
	%P1%
	%P 2%
	%P 5%
	%P 6%

	Pp
Pc
	0.42a
0.21a
	92.8
93.8
	95.2
88.0
	90.4
88.5
	90.4
89.0

	Co
	0.11a
	10.9
	38.1
	50.9
	54.5

	Cs
	0.47a
	94.4
	96.1
	98.5
	98.7

	Ac
	0.013a
	69.9
	77.4
	77.4
	69.9


P: dry biomass weight in grams after a seven-day incubation at BDA control; %P: percentage of biomass inhibition; Pp: Penicillium panemun, Pc: Penicillium citrinum, Co: Cladosporium oxysporum, Cs: Cladosporium subliforme, and Ac: Aspergillus chevalieri. a,b Different letters in the same line indicate a significant difference (p<5%) through the t-Student test.

Even though neither relevant or specific research has been reported for the strains approached in our study, microorganisms belonging to the same genera were assessed in the presence of Curcuma longa L. extract. Chen et al. (2018) assessed  the alcoholic extract activity of curcuma against eleven fungal species: Fusarium graminearum, Fusarium chlamydosporum, Alternaria alternate, Fusarium tricinctum, Sclerotinia sclerotiorum, Botrytis cinerea, Fusarium culmorum, Rhizopus oryzae, Cladosporium cladosporioides, Fusarium oxysporum, and Colletotrichum higginsianum and obtained 63.80%; 67.97%; 61.17%; 65.40%; 63.80%; 53.50%; 63.50%; 46.27%; 29.90%; 41.20%, and 34.50% of mycelium inhibition, respectively, at the concentration of 0.5 mg/ml of curcuma ethanolic extract. The authors also assessed the synergetic effects of the curdione compound on the other seven compounds. Separately, curdione had inhibition of 52.9% Fusarium graminearum and in association with isocurcumenol and β-elemene inhibited 100% of fungal growth, while the synergism with curcumin resulted in 93.6% of inhibition with the same microorganism.
The strains of C. subliforme and P. panemum proved more susceptible to biomass inhibition, showing reductions of 98.5% and 95.2%, respectively, at the concentration of 5% of the extract. P. citrinum had the highest sensitivity at the minimum extract concentration with 93.8% of inhibition, while C. oxysporum had the highest inhibitory effect at 6% of the extract. Lee et al. (2007) reported a sharp decrease in the biomass percentage of A. niger; B. cinerea, F. moniliforme, G. cingulate, and P. caricae in the presence of 20 mg/ml of acetone extract of C. longa.
Ferreira et al. 2013b found reduced mycelium growth and lower viability of spores of Aspergillus flavus from the Curcuma longa L. essential oil at the concentration of 0.10%. The concentration of 0.5% of C. longa essential oil reached 99.9% and 99.6% of inhibition and 0.5% of standard curcumin 96.0% as well as 98.6% of inhibition in the production of aflatoxin B1 and aflatoxin B2, respectively, in Aspergillus flavus (Ferreira et al., 2013a). 
Relevant data on the antifungal capacity of other plant extracts have been reported by Castro et al. (2017), who showed the action of cinnamon essential oils (Cinnamomum zeylanicum), lemongrass (Cymbopogon flexuosus), eucalyptus (Eucalyptus globulus), clove (Eugenia caryophyllus), and rosemary at inhibiting the development of Alternaria alternata at the concentrations of 0.1%, 0.1% 0.05%, 0.1%, 0.025%, and 0.025%, respectively. Eldaysty et al. (2014) obtained 70% of mycelium inhibition for Penicillium sp and 31% for Aspergillus niger in the presence of 10% and 20% of alcoholic extract from pomegranate peel, respectively. The concentration of 30% of extract promoted the total inhibition of the development of both strains. Idris & Nadzir (2017) tested the aqueous, alcoholic, and methanolic extracts of Centella asiatica for the inhibition of Aspergillus niger and Bacillus subtilis and reached the highest inhibition percentage by applying 100% of the ethanolic extract during the disk diffusion analysis, in which B. subtilis was the most sensitive microorganism to the test.
Conclusions
The raw aqueous extract of Curcuma longa L. proved promising results as a potential inhibitor agent of the filamentous strains analysed in this study for indicating significant inhibition of the mycelial growth of Cladosporium subliforme, Penicillium panemun, and Penicillium citrinum. In addition to decline the fungal biomass development from 10.8 to 98.7%, except for A. chevalieri, which proved resistant at all concentrations applied in both tests, being sensible only for CMI containing 25 mg/ml of extract. Further, in vitro and in vivo studies are crucial to potentialize the bioactive extraction with antifungal action of curcuma as well as establish its stability in the food matrix.
References
Amalraj A., Pius A., Gopi S., Gopi S., 2017, Biological activities of curcuminoids, other biomolecules from turmeric and their derivatives – A review, Journal of Traditional and Complementary Medicine, Vol. 7, Issue 2, 205-233.
Castro O. C. J., Endo H. E., Souza M. R., Zanqueta, E. B., Polonio C. J., Pamphile A. J., Nakamura U. T., Nakamura V. C., Filho, D. P.B., Filho, A. A. B, 2017, Bioactivity of essential oils in the control of Alternaria alternata in dragon fruit (Hylocereus undatus Haw.), Industrial Crops and Products, Vol. 97, 101-109.
Capoci G. R. I, Bonfim-Mendonça S. P., Arita S. G., Araújo P. R. R., Consolaro L. E. M., Bruschi L. M., Negri m., Svidzinski E. I. T., 2015, Propolis Is an Efficient Fungicide and Inhibitor of Biofilm Production by Vaginal Candida albicans, Evidence-Based Complementary and Alternative Medicine, 1-9.
Cecilio F. B. A., Souza J. R., Braz T. L., Tavares M., 2000, Curcuma: medicinal, spice and of the other potential use plant, Ciência Rural, v. 30, n. 1,171-175.
Chen C., Long L., Zhang F., Chen Q., Chen C., Yu X., Liu Q., Bao J., Long Z., 2018, Antifungal activity, main active components and mechanism of Curcuma longa extract against Fusarium graminearum. PLoS ONE 13, 1-19.
Chin Y, 2016, The spice for joint inflammation: anti-inflammatory role of curcumin in treating osteoarthritis, Drug Design, Development and Therapy, Vol. 10, 3029—3042 
Clinical and Laboratory Standards Institute (CLSI), 2008, Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts: Approved Standard, CLSI Document M27-A3, 3rd edition.
Dalben-Dota F. K., Faria I. G. M., Bruschi L. M., Pelloso M. S., Lopes-Consolaro E. M., Svidzinski E. I. T., 2010, Antifungal activity of propolis extract against yeasts isolated from vaginal exudates, The Journal of Alternative and Complementary Medicine, 16, 3, 285–290.
Eldiasty G. J.,Mosaad H. M.,Omnia M. H. M. K., 2014, Evaluation of some agricultural waste extracts against mosquito larvae, and some types of microorganisms as insecticidal and antibiotic agents. Egyptian Academic Journal of Biological Sciences, 6(1), 1-17.
Ferreira D. F., Kemmelmeier C., Arrotéia C. C., Costa L. C., Mallmann A. C., Janeiro V., Ferreira D. M. F., Mossini G. A. S., Silva L. E., Machinski Jr M., 2013 (a), Inhibitory effect of the essential oil of Curcuma longa L. and curcumin on aflatoxin production by Aspergillus flavus Link, Food Chemistry,136, 789–793.
Ferreira D. F., Mossini G. A. S., Ferreira D. M. F., Arrotéia C. C., Costa L. C., Nakamura V. C., Machinski Jr   M., 2013, (b), The Inhibitory Effects of Curcuma longa L. Essential Oil and Curcumin on Aspergillus flavus Link Growth and Morphology, The Scientific World Journal,1-6.
Fuleki T., Francis F. J., 1968, Quantitative methods for anthocyanins: 1. Extraction and determination of total anthocyanin in cranberries. Journal of Food Science, Vol 33, 72-77.
Garcia P., Rodriguez L., Rodriguez A., Martinez B., 2010, Food biopreservation: promising strategies using bacteriocins, bacteriophages and endolysins. Trends in Food Science & Technology, v. 21, n. 8, 373-382.
Hu Y., Luo J., Kong W., Zhang J., Logrieco F. A., Wangd X., Yang M., 2015, Uncovering the antifungal components from turmeric (Curcuma longa L.) essential oil as Aspergillus flavus fumigants by partial least
Squares, Royal Society of Chemistry Advances, 5, 41967-41976.
Idris N. F., Nadzir M. M., 2017, Antimicrobial Activity of Centella Asiatica on Aspergillus Niger and Bacillus Subtilis, Chemical Engineering Transactions, Vol 56.
Jayaprakasha K. G., Rao M. L. J., Sakariah K. K., 2005, Chemistry and biological activities of C. longa, Trends in Food Science & Technology, 16, 533–548
Kumar N. K., Venkataramana M., Allen A. J., Chandranayaka S., Murali S. H., Batra V. H., 2016,  Role of Curcuma longa L. essential oil in controlling the growth and zearalenone production of Fusarium graminearum, LWT - Food Science and Technology, Vol. 69, 522-528
Lee S. H., Chang K. S., Su M. S., Huang Y. S., Jang H. D., 2007, Effects of some Chinese medicinal plant extracts on five different fungi. Food Control, Vol. 18, 1547-1554.
Lim S. H., Park H. S., Ghafoor K., Hwang Y. S., , Park J., 2011, Quality and antioxidant properties of bread containing turmeric (Curcuma longa L.) cultivated in South Korea, Food Chemistry, 124, 1577–1582. 
Marques R. P., Monteiro A. C., Pereira G. T., 2004, Crescimento, esporulação e viabilidade de fungos entomopatogênicos em meios contendo diferentes concentrações do óleo de Nim (Azadirachta indica), Ciência Rural, Vol. 34, n. 6, 1675-1680.
Park H. S., Lim S. H., Hwang Y. S., 2011, Evaluation of antioxidant, rheological, physical and sensorial properties of wheat flour dough and cake containing turmeric powder, Food Science and Biotechnology, 19(4), 907-916.
Prathapan A, Lukhman M, Arumughan C, Sundaresan A., Raghu KG., 2009, Effect of heat treatment on curcuminoid, color value and total polyphenols of fresh turmeric rhizome. International Journal of Food Science and Technology, 44(7), 1438–1444.
Petnual P., Sangvanich P., Karnchanatat A., 2010, A Lectin from the Rhizomes of Turmeric (Curcuma longa L.) and Its Antifungal, Antibacterial, and α-Glucosidase Inhibitory Activities, Food Sci. Biotechnol. 19(4): 907-916.
Raja V., Shreaz S., Behbehani M. J., Siddiqui A. W., 2016, In vitro Effect of Ethanolic Extract of Curcuma longa Rhizome on Growth and Sterol Synthesis in Different Candida Isolates, Journal of Pure and Applied Microbiology, 10(3), 2231-2239.
Rhoden, S. A., Garcia, A., Rubin Filho, C. J., Azevedo, J. L., Pamphile, J. A ., 2012, Phylogenetic diversity of endophytic leaf fungus isolates from the medicinal tree Trichilia elegans (Meliaceae). Genetic Molecular Research, v. 11, n. 3, 2513-2522.
Sahnea F., Mohammadi M., Najafpour D. G., Moghadamnia A. A., 2017, Enzyme-assisted ionic liquid extraction of bioactive compound from turmeric (Curcuma longa L.): Isolation, purification and analysis of curcumin, Industrial Crops and Products, 95, 686–694.
Shelef L. A., 1984, Antimicrobial effects of spices. Journal of Food Safety, Vol 6, 29-44.
Tian J., Ban X., Zeng H., Huang B., He J., Wang, Y., 2011, In vitro and in vivo activity of essential oil from dill (Anethum graveolens L.) against fungal spoilage of cherry tomatoes, Food Control, Vol 22, 1992-1999.
Teow Y. S., Liew K., Ali A. S., Khoo B. S. A., Peh C. S., 2016, Antibacterial Action of Curcumin against Staphylococcus aureus: A Brief Review, Journal of Tropical Medicine, Vol 2016, 1-10.
Tripathi A., Misra K., 2016, Designing and Development of Novel Curcumin Analogues/Congeners as Inhibitors of Breast Cancer Stem Cells Growth, Chemical Engineering Transactions, Vol. 49, 1-6.
Wakte S. P., Sachin S. B., Patil A. A., Mohato M. D., Band H. T., Shinde B. D., 2011, Optimization of microwave, ultra-sonic and supercritical carbon dioxide assisted extraction techniques for curcumin from Curcuma longa, Separation and Purification Technology 79, 50–55.
White T. J., Bruns T., Lee S. J. W. T.,Taylor J. W., 1990, Amplification and direct sequencing of fungal ribosomal RNA genes for phylogenetics. PCR protocols: a guide to methods and applications, v. 18, n. 1, p. 315-322.
image3.png




image1.jpeg




image2.jpeg
AIDIC




