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Bioproducts against food-borne pathogenic bacteria
Bioprodutos contra bactérias patogênicas transmitidas por alimentos
ABSTRACT
Advances in biotechnology research show the rising generation of a variety of products derived from microbial, plants and animal sources. These products are known as “bioproducts” or “natural products”. The preservation of the microbiological quality of foods without the use of chemical preservatives has become a challenge stimulating new researches on conservation alternatives. The aims of this study were the assessment of the the antibacterial activity of several bioactive compounds: essential oils of orange, lavender, green and red mandarins; ethanol extract of oregano and protein hydrolyzed from shrimp shell against Escherichia coli and Staphylococcus aureus isolated from foods, and the comparison between two different methods used in the screening of natural products with potential antibacterial activity. The antibacterial activities of the natural compounds were determined using agar diffusions tests and bioautography methods. The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) were determined for the essential oils of orange and lavender, and the ethanolic oregano extract. The essential oils of orange and lavender and the ethanolic oregano extract showed antimicrobial activity against all bacteria tested in the study. The agar disk diffusion and the bioautographic methods showed no significant difference in the evaluation of the biological activity of natural products.
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RESUMO

Os avanços das pesquisas em biotecnologia evidenciam a produção crescente de uma variedade de produtos de origem microbiana, vegetal e animal, conhecidos como bioprodutos ou “produtos naturais”. A manutenção da qualidade microbiológica dos alimentos sem o uso de conservantes químicos se tornou um desafio que estimula a pesquisa na busca por novas alternativas de preservação. O objetivo deste estudo foi avaliar a atividade antibacteriana de compostos bioativos: óleos essenciais de laranja, lavanda, mandarinas verde e vermelha, extrato etanólico de orégano e hidrolisado proteico de casca de camarão frente às bactérias Escherichia coli (Gram-negativa) e Staphylococcus aureus (Gram-positiva) isoladas de alimentos, além de comparar diferentes métodos usados na triagem de produtos naturais com potencial atividade antibacteriana. As atividades antibacterianas foram determinadas pelos métodos de ágar-difusão em discos e bioautografia. A Concentração Inibitória Mínima (CIM) e a Concentração Bactericida Mínima (CBM) foram determinadas para os óleos essenciais de laranja e lavanda e para o extrato de orégano. Os óleos essenciais de laranja e lavanda e o extrato etanólico de orégano apresentaram atividade antimicrobiana frente a todas as bactérias testadas no estudo. Os métodos de ágar-difusão em discos e o bioautográfico não demonstraram diferença significativa na avaliação da atividade biológica dos produtos naturais.
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INTRODUCTION


The growth of biotechnology today is remarkable, and its impact on society is irreversible. Studies show the increasing availability of bioproducts derived from plants, animal, and microbial sources. New products with antimicrobial properties can derive from the extracts, and essential oils from plants, organic acids, hormones, polysaccharides, and proteins. The increased sensibility of the consumers, who demand the application of “smooth technologies” to food preservation to keep the natural features of the products and guarantee their quality reducing the application of chemical preservatives instigates the search for new preservation alternatives to use in food (Zoz et al., 2014; Calo et al., 2015). 

The search for bioactive compounds has been intensified because microorganisms are not resistant to these substances, turning them into safer foods, especially to the toxicological point of view. Even with high concentrations of those substances, they seem not to cause any toxic effect; they can be applied to different products, and materials (Solórzano-Santos & Miranda-Novales, 2011).

The action of natural plant compounds occurs by the synergism of the antimicrobial phytochemicals present in the plant: mainly flavonoids, tannins, saponins and terpenoids (Negi, 2012).


Most of the natural products act altering the permeability and the integrity of the membrane of the bacterial cell. The complexity of the chemical composition of the natural products mirrors the availability of several mechanisms of action of these biological compounds on the bacteria (Bajpai et al., 2012; Nazzaro, 2013).

Bacteria contamination of foods reduces the shelf life, causes losses to the food industry, and may lead to the development of infections, that may cause death among the consumers. Among the bacteria that most frequently are involved in epidemics of food-related diseases, we must highlight Staphylococcus aureus and Escherichia coli. S. aureus, a natural element of human skin microbiota is a gram-positive bacteria mainly found in highly processed foods. The gram-negative bacteria E. coli derives from fecal material and contaminated surfaces (Fueyo et al., 2005). Inadequate practices during the food processing chain allow the multiplication of pathogenic microorganisms, and the possible development of diseases caused by the consumption of contaminated foods (Sousa, 2008).


The biological activity of natural products can be assessed using different methods. The choice of the method of analysis is crucial to quantify the possible biological activities of natural products. (Sanchéz & Kouznetsov, 2010).


This study aimed to assess the antibacterial activity of several bioactive compounds on the bacteria E. coli and S. aureus isolated from foods and to compare different methods used in the screening of natural products with potential antibacterial activity.
MATERIAL AND METHODS
Natural products

The following bioactive compounds were used in the study:  essential oils of organic orange (Citrus sinensis), green and red organic mandarins (Citrus reticulata var. Montenegrina) obtained on the Ecological Citrus Farmer Cooperative (Ecocitrus); lavender oil (Lavandula dentata), ethanolic extract of oregano (Origanum vulgare) and protein hydrolyzate from shrimp shells obtained on UNISC Pharmacognosy and Food Technology laboratories. For the analysis of antibacterial activity, the essential oils were diluted with Tween 80 (0.5% v/v). The ethanolic extract of oregano was diluted in DMSO (Dimethyl Sulfoxide) at 10%. The shrimp hydrolyzate was diluted in sterile distilled water (5 mg/mL).
Microorganisms
 
Bacterial strains of E. coli and S.aureus used for the assessment of the antibacterial activity of the natural compounds derived from the bacteria collection of the Food Hygiene Laboratory from the Science and Technology Institute, Federal University of Rio Grande do Sul. Besides these bacterial strains, we used the reference ATCC strains E. coli ATCC 25922 and S. aureus ATCC 25923. These strains belong to the microbiology laboratory of the University of Santa Cruz do Sul. All strains were stored at -21C in Brain–Heart Infusion Broth (BHI; Oxoid, Basingstoke, UK) containing 20% (v/v) glycerol and propagated in the same medium at 37ºC before use.
Assessment of antibacterial activity of bioactive compounds
Disc diffusion method
The antibacterial activity of natural products was detected by the Kirby-Bauer disc diffusion method (Benitez et al. 2011). Aliquots of 10 µL of each product, reconstituted at a concentration of 200 mg/mL and filtered (0,22 μm Millipore® filter) were applied to sterile cellulose discs (6 mm) that were later left at room temperature in a laminar flow chamber until the complete evaporation of the diluent. Then the disks impregnated with the bioactive compounds were disposed on Mueller Hinton agar (Meck®) plates, previously inoculated with a bacterial suspension containing 108 cells/mL (0.5 McFarland scale) of each microorganism. Erythromycin and sulfamethoxazole + trimethoprim were used as positive controls. Sterile saline (0.85%) was used as a negative control. The plates were left for an hour at environmental temperature for the spreading of the applied samples and, then, incubated for 24 hours at the optimum temperature (35-37ºC) for growth of each microorganism tested. The inhibition of bacterial growth was assessed by the measurement of the inhibition halo around the disks impregnated with biologically active substances.
Bioautography assay
Aliquots of 10 µL from each natural product (sterilized through a filter of 0,22 μm membrane) were applied on sterile plates of silica gel G60 F254 (Merck®). Positive (5% erythromycin) and negative (saline 0.85%) controls were equally applied. Hexane: ethyl acetate (1: 9) were used as eluent. After the migrations of the constituents on the TLC plates, they were incubated at 30°C for 2 hours to the complete evaporation of the solvent and exposed to UV light for 20 minutes to eliminate the contaminants. The plates were covered with 9mL of agar MH containing 3x108 CFU/mL of each test microorganism and, later, incubated at 37 °C for 24 h. After that, the plates were sprayed with an aqueous solution of 2, 3, 5 triphenyltetrazolium chloride (TTC) (20 mg / mL) and incubated (35-37ºC) for 4 hours. The growth inhibition was indicated by white zones (halos) in chromatogram. The halos were measured using a precision gauge caliper.
MIC and MBC determinations by microdilution methods
For MIC determination, it was used the broth microdilution method, following the Clinical and Laboratory Standards Institute (2012) with some modifications. We chose to define MIC of oregano extract and oils of orange and lavender once it expressed the highest activity against the strains used in the agar disc diffusion method. Serial dilutions were performed in sterile polystyrene 96-well plates at a concentration range from 2 to 0.0156 mL/mL for the orange and lavender oils, and from 66.67 to 1.56 mg/mL for the ethanol extract of oregano. The final concentration of each strain suspension (E. coli and S. aureus food isolates and ATCC strains) was adjusted to give a final concentration of 108 cells/mL (0.5 McFarland) with 10 μL of bacterial suspension in BHI (Oxoid, Basingstoke, UK) in a final volume of 200 μL. One hundred microliters (100 μL) of each natural product + 100 μL of BHI was used as negative controls, and 10 μL of each strain tested + 100 μL of BHI as positive controls. The plates were covered with a sterile plate sealer, carefully mixed and incubated at 35ºC for 24 h. After the incubation, 20 μL of resazurin dye for each well was added and, then, the colorimetric reaction was observed. The permanence of the blue color n the holes was interpreted as a lack of bacterial growth and the development of pink-red, as the presence of bacterial activity. The MIC value was taken as the lowest concentration of the test agent and caused total inhibition (100%) of bacterial growth. To determine the MBC, aliquots of 20 μL were taken from each well and inoculated in 96-well plates containing 100 μL BHI and incubated at 35°C for 24 hours. After the incubation, 20 μL of resazurin dye was added to each well and, then, the colorimetric reaction was observed. MBC was defined as the lowest concentration of assayed samples which remained blue.
Statistical analysis
Numerical data are expressed as an average ± standard deviation. The statistical significance of differences between the values of individual means was calculated using the chi-square test with significance level of p <0.05, using SPSS Statistics 17.0 software. All experiments were performed in triplicate.
RESULTS AND DISCUSSION
The agar disc diffusion tests showed that the ethanolic extract of oregano and the essential oils of orange and lavender affected the growth of all tested bacterial strains. The oils of red and green bergamot inhibited only the strain of S. aureus ATCC 25923 (Figure 1). Hosni et al. (2010) reported the chemical constituents of Citrus reticulata Blanco and Citrus sinensis Osbeck peel oil. The authors found that monoterpene hydrocarbons (97.59–99.3%), with limonene (92.52–97.3%) and β-pinene (1.37–1.82) were the major constituents.
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Figure 1. Antibacterial activity of bioactive compounds by agar diffusion. Bars represent the standard deviation from triplicate determinations.

The ethanolic oregano extract showed the highest growth inhibition in comparison with the other products tested. All strains tested using ethanolic oregano extract displayed some degree of inhibition on growth, however for both strains of S. aureus (food isolate and ATCC) the inhibition halos were greater than 20 mm. A previous study comparing the antibacterial activity of oregano extract with an alcoholic extract of the mastic-red tree (Schinus terebenthifolius) described that oregano inhibited the growth of S. aureus ATCC 6538 and Bacillus cereus ATCC 11778, with halos ranging between 9 and 11 mm respectively (Degáspari et al., 2005). Aromatic plants are excellent sources of bioactive compounds that can be extracted using several processes. The main components found in the essential oregano oil are oxygenated monoterpenes (53.8%), and monoterpene hydrocarbons (26.4%). Among these compounds, the main antibacterial activity is associated with the presence of carvacrol and thymol (Teixeira et al., 2013). The action of the ethanol extract of oregano has also been confirmed by Weerakkody et al. (2010) against essential food pathogens: the Gram-negative bacteria E. coli and Salmonella Typhimurium, and the Gram-positive S. aureus and Listeria monocytogenes. Boligon et al. (2014) found the spathulenol as the most abundant component in the essential oil of Scutia buxifolia Reissek, also found in Origanum vulgare. The spathulenol was active against Staphylococcus aureus (MIC = 500 μg/mL) and Escherichia coli (250 μg/mL).
Among the tested essential oils, lavender oil was the only one that showed activity against all microorganisms tested (Gram-positive and negative) but was especially active against S. aureus. The main essential oil constituents are 1,8-cineole, camphor, and L-fenchone (Touati et al., 2011). The essential lavender oil is active against various Gram-positive, Gram-negative bacteria and fungi (Hanamanthagouda et al., 2011).

The protein hydrolyzed from shrimp shell had no activity on the species of bacteria we tested in this work. The primary active compound in the protein hydrolyzed from shrimp shell is chitosan, which stands as an inhibitor of pathogens. Its mechanisms of action are due to its cationic feature that interferes with the metabolism in the bacterial cell surface, destabilizing the membrane (Chung et al., 2004). The products made from the shrimp shall inhibit several types of Gram-positive and Gram-negative bacteria such as E. coli, Salmonella Typhimurium, S. aureus and B. cereus, but the intensity of the inhibition effect depends on the molecular size and the type of bacteria (Benhabiles et al., 2012; Siriporn et al., 2013; Arancibia et al., 2014).
The oils of orange and lavender and the ethanolic extract of oregano inhibited the growth of S. aureus more than the growth of E. coli, both in strains of the bacteria isolated from foods, and reference ATCC strains. The different level of activity could be explained by the permeability of the bacterial walls, which have a different chemical composition. The membrane of Gram-negative bacteria is more selective to the entrance of compounds than that of Gram-positive bacteria (Silhavy, 2010).

The results of bioautography show the antibacterial activity in different bio-compounds (Figure 2).
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Figure 2. Antibacterial activity of bioactive compounds by bioautography. Bars represent the standard deviation from triplicate determinations. 
The bioautography separates the compounds from a complex mixture through thin-layer chromatography (TLC) and determines the antimicrobial activity of the isolated substances. This test provides more objective information on the bioactivity of the natural compounds in comparison with disk diffusion, MIC and MBC tests. Bioactive compounds separated through TLC should migrate to the agar, and the revelation consists of the application of a tetrazolium salt that will indicate the zone of the inhibition halo through the absence of any color (Choma & Grzelak, 2011) (Figure 3).
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Figure 3. Bioautography assay of orange oil against ATCC strain of S. aureus (a) and S. aureus (b) isolated from food.


As analyzing the diameters of halo inhibition zones obtained by the bioautographic method, we observed a difference in size in comparison with the results of the agar-disk diffusion. Even the same, this difference had no statistical significance (p>0,05). These results corroborate those presented by Valgas et al. (2007). In their study with natural products, the authors compared the bioautographic and the agar diffusion methods, and the results showed no significant differences.

The agar diffusion method and the bioautography are also qualitative tests of antimicrobial activity. However, the agar diffusion method stands out because of its simplicity, low cost and high reproducibility (Ncube, 2008; Das 2010).
 The ethanolic extract of oregano and lavender oil showed higher activity against the strains of S. aureus, compared to the antibiotic erythromycin. This result highlights the potential applicability of these bioactive products against this pathogen (Table 1). Nostro et al. (2004) when evaluating the susceptibility of methicillin-susceptible and methicillin-resistant Staphylococci to oregano oil observed inhibition of both types of pathogens to the same extent with MIC values for carvacrol of 0,015-0,03 %, v/v.
Table 1. Inhibitory activity of erythromycin and bioproducts against Staphylococcus aureus 

	
	*S. aureus ATCC 25923
	*Food S. aureus

	Erythromycin 
	17.35 ± 0.5 mm
	19.01mm ± 0.3 mm

	Oregano
	21.58 ± 3 mm
	25.01 ± 2 mm

	Lavender oil
	20.67 ± 3 mm
	22.23 ± 3 mm


* Average diameter of the inhibition zone (mm) by agar diffusion method. ± Standard deviation out of three independent experiments.
Although the agar diffusion test, essential oils had presented lower values of inhibitory activity than the ethanolic extract of oregano. According to the results of the MIC, the essential oils of orange and lavender were inhibiting the growth of microorganisms at the lowest tested concentrations (Table 2).
Table 2. MIC and MBC of  bioactive compounds

	
	Oregano (mg/mL)
	Orange oil (EA)

(mg/mL)
	Lavender oil

(mg/mL)

	Test-microorganism
	MIC
	MBC
	MIC
	MBC
	MIC
	MBC

	S. aureus ATCC 25923
	50


	66.67


	0.21
	0.21
	0.21
	0.21



	S. aureus (food)
	25
	50
	0.21
	0.21
	0.053
	0.053

	E. coli ATCC 25922
	25
	25
	0.027
	0.027
	0.027
	0.053

	E. coli (food)
	25
	25
	0.053
	0.053
	0.027
	0.053


MIC: Minimum Inhibitory Concentration. MBC: Minimum Bactericidal Concentration. EA: Ethanolic Extract.


The low diffusivity of the plant oil components in the agar produced smaller halos and a better response in MIC because the substance would not need to spread and would be in direct contact with the microorganism in a liquid medium. Its lipophilic nature may harm the diffusion of the oils in agar, and therefore emulsifying agents should be used to facilitate the diffusion of the lipophilic agents. However the amount of emulsifier used must be pondered, as this can interfere with the activity of the substance upon the microorganism (Espina et al., 2011).
Foodborne pathogens used in this study were inhibited by lower concentrations of the orange and lavender oils. We observed the highest efficiency, lowest MIC, and MBC against the Gram-negative microorganisms. This result agrees with the data reported by Trajano et al. (2010) in the investigation of the oil of Cinnamomum zeylanicum against food-related bacteria. 


Oils are complex mixtures of compounds of different classes, and the substances present may have a high affinity for the membrane of Gram-negative bacteria and destabilize it (Sharififar et al., 2007). Porin channels and the form of intracellular diffusion of the constituents are the main factors that will determine the effectiveness of the oils in Gram-negative bacteria (Gal et al., 2011). Higher concentrations of oregano extracts were required in this study to inhibit the growth of the strains of E. coli we used, in comparison with the study of Krishnan et al. (2014). 
CONCLUSION

Based on the results obtained we shall conclude that the bioactive compounds evaluated in this study, except hydrolyzed protein from shrimp shell, showed promising biological activity against bacteria isolated from food. 
There was no statistically significant difference in measures of inhibitory activities of natural products among bioautographic and agar disc diffusion methods. The essential oils of orange and lavender had an excellent performance to inhibit bacteria at lower tested concentrations. Therefore, the natural products can contribute to reducing or eliminate the use of chemical additives and to improve the shelf life and food safety.
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