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_________________________________________________________________________________ 

ABSTRACT—The profiles of total phenolic content (TPC) and antibacterial activities of consecutive extracts from 

naked oat against several food-related bacteria were investigated in this paper. The results showed that the extracting 

solvent and fractional extraction significantly affected TPC, therefore influenced antibacterial activities of oat 

extracts. In our study, the ethyl acetate extracts from oats had the highest content of total polyphenols, followed by 

ethanol, chloroform, and water extracts, the lowest for petroleum ether extracts. No inhibitory effects of water extract 

on the tested bacteria was found, while other extracts from oats showed varying degrees of antibacterial activity 

against tested bacteria. Among these extracts, the ethyl acetate extracts had the highest antibacterial activities against 

the tested bacteria, followed by ethanol, chloroform, and petroleum ether extracts. These results indicated that 

selective extraction from natural sources, by an appropriate solvent or extraction method, is important for obtaining 

fractions with high antibacterial activity. In addition, though the exact mode of action of the ethyl acetate extracts on 

bacteria is still not clear, we concluded that one mechanism of action of extracts from oats against B. subtilis and S. 

dysenteriae was that ethyl acetate extracts disrupt the call wall based on SEM observations. 
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1. INTRODUCTION 

In recent years, food poisoning and food spoilage caused by microorganisms are still the most important issues facing 

the food industry and consumers, and there has been a dramatic increase throughout the world in the number of reported 

cases of food-borne illness (Sokmen et al., 2004; Shan et al., 2007). For many years, a variety of different chemical and 

synthetic compounds has been made to prevent oxidation and control microbial growth, and to reduce the incidence of 

food poisoning and spoilage. However, consumers have grown concerned about the side effects of synthetic chemicals 

and want safer materials for preventing and controlling oxidation and pathogenic microorganisms in foods (Alzoreky & 

Nakahara 2003). Plants can be an excellent source of natural antibacterial agents and can be effectively used in the food 

industry to preserve the quality and improve the shelf-life of food products (Tiwari et al., 2009). In addition, as in most 

of the cases, plants or their extracts are believed to be safe, and non-toxic to humans (Burt 2004; Rymbai et al., 2011). 

Oat, a cereal for human or animal consumption, has received increased interest because of its excellent health-related 

properties, such as high contents of solube dietary fibre and well-balanced protein, energy in the form of carbohydrate 

and oil, and several vitamins and minerals (Petkov et al., 2001). In addition, oats contained abundant antioxidant 

compounds such as tocols (Emmons et al., 1999), phytic acid (Miller et al., 1980), sterols (Moreau et al., 1996), phenolic 

compounds and so on (Peterson 2001). Phenolic compounds exhibited a wide range of differing biological effects, such 

as antioxidant, anti-inflammatory, antiallergic and anti-carcinogenic activities (Peterson et al., 2002; Chen et al., 2004; 

Sur et al., 2008). Some studies also reported the antimicrobial activity of extracts from the oats (Shin et al., 2005; 

Bahraminejad et al., 2008; Sørensen et al., 2010). However, these informations are still limited; little work has been 

reported on the antibacterial properties of different consecutive extracts from naked oats (Avena nuda L.) on the growth 

of food-related bacteria. Therefore, the objective of this work was to investigate the antibacterial activities of consecutive 

extracts from oats against several food-borne pathogens, which would provide some foundational information for the 

developing and application of oats. 
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2. MATERIALS AND METHODS 

2.1  Plant materials and chemicals 

A naked oat cultivars (Avena nuda L.), Bayou І , were used in the study. The cultivars were all grown in 2012 in bases 

for growing organic oat, Shanxi, China, and they are the main commercial cultivars in local area. The harvested oat 

grains were dried to about 12% moisture. 

Dimethyl sulfoxide (DMSO), Nutrient agar (NA), nutrient broth (NB) and tryptone soy agar mediums were from 

Beijing Aoboxing Bio-tech Co. Ltd. (Beijing, China). Other chemicals used were all of analytical grade. 

2.2 Microbial strains and culture 

The antimicrobial activity of extracts was tested against seven different microorganisms. Three Gram-positive strains 

were Staphylococcus aureus ATCC 25923, Staphylococcus albus ATCC 8799, and Bacillus subtilis ATCC 6051. Three 

Gram-negative bacteria were Salmonella typhimurium ATCC 19430, Shigella dysenteriae CMCC (B) 51252 and 

Escherichia coli ATCC 25922. The strains were provided by the College of Life Science, Shanxi Normal University, and 

cultured at 37 °C on NA or NB mediums. 

2.3 Preparation of extracts 

Five solvents having different polarity, including petroleum ether, chloroform, ethyl acetate, ethanol, and water were 

used to extract consecutively. The dried oats were finely ground with a micro plant grinding machine (FZ102; Tianjin 

Taisite Instruments, Tianjin, China), and the powder was sifted by 60-meshes. The powder (100 g) was extracted with 

1500 mL petroleum ether (30–60 °C) and shaken with a laboratory rotary shaker at 150 rpm for 8 h at 30 °C, and then the 

homogenates were centrifuged for 10 min at 4 oC and 5 000 g in a centrifuge (Eppendorf 5417R, Germany). The residue 

was extracted with ether and ethyl acetate respectively in the same way. The residue was further extracted successively 

with ethanol (1500 mL × 2 times) and water (1500 mL × 2 times) in shaking water bath at 40 °C for 8 h. All of five 

solutions were evaporated and dried under vacuum (below 40 °C), to yield the petroleum ether, chloroform, ethyl acetate, 

ethanol, and water extracts, respectively. 

2.4 Determination of total phenolic content (TPC) 

Total phenolic content was determined as described by Rebey et al. (2012) with slight modifications. An aliquot (0.1 

mL) of diluted extracts, 2.8 mL of deionized water and 0.1 mL of 1.0M Folin-Ciocalteu reagent were mixed and stirred. 

After 8 min, 2 mL of 7.5% sodium carbonate solution was added and mixed thoroughly. The absorbance of the reaction 

mixtures was measured at 765 nm wavelength after incubation for 2 h at room temperature. Gallic acid was used for 

calibration of the standard curve and total phenolic content was expressed as milligram gallic acid equivalent per gram 

dried extracts (mg GAE/g). All extracts were tested in triplicates. 

2.5 Antibacterial activity 

Different extracts were redissolved in 20% DMSO and sterilized by filtration through 0.22 μm Millipore filters. 

Antimicrobial tests were then carried out by the Oxford cup method (Wang et al., 2006) using 100 μL of suspension 

containing 2×106 colony forming units (CFU)/mL of bacteria determined by blood count assay spread on nutrient agar 

(NA) medium. Oxford cups (6 mm in diameter) were placed on the inoculated agar, and then 100 μL of extracts was 

added with a micropipette. The diameter of inhibition zone (DIZ) was measured after 24h of incubation at 37 °C, and 

20% DMSO was used as a negative control. Tests were performed in triplicate. 

2.6 Minimum inhibitory concentration (MIC) and minimum bactericide concentration (MBC) 

MIC and MBC were determined according to the method described by Diao et al. (2013) with minor modifications. 

Briefly, stock solution of extracts was prepared in 20% DMSO. Two fold serial dilutions of extracts were filtered through 

0.22 μm Millipore filters and prepared in sterile NB medium. To each tube, 50 μL of the inoculum containing 

approximately 2×106 CFU/mL microorganisms determined by blood count assay were added. A control test containing 

inoculated broth supplemented with only 20% DMSO was also performed. The tubes were then incubated at 37 °C and 

examined for evidence of the growth. The MIC was determined as the lowest concentration of extracts that demonstrated 

no visible growth for incubating for 24 h, while the MBC was the lowest concentration of the test extracts that showed no 

visible growth in the culture incubating at 37 °C for 48 h. 

2.7 Kill-time analysis 

The kill-time curve assay method was used to investigate the bactericidal effects of the extract according to the 

technique described by Joray et al. (2011). The cultivation with the extract was done the same as the above MIC assay 

and controls containing only 20% DMSO were simultaneously run. At selected time intervals, samples from the test 

culture were taken, serially diluted in sterile water, and plated in Plate Count Agar (PCA) medium. All plates were then 

incubated for 24 h at 37 °C, and CFU were counted.  
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2.8. Scanning electron microscope (SEM) 

To determine the efficacy of the extracts and the morphological changes of strains, SEM observation was performed 

on the tested bacteria. The bacteria cells were incubated in nutrient broth at 37 °C for 10 h. The suspensions were added 

0×, and 1×MIC of extracts, respectively; control culture was left untreated. Next the suspensions were incubated at 37 °C 

for 4 h respectively, and then the suspensions were centrifuged. The precipitated cells were washed twice with 0.1 M 

PBS (pH 7.4) and fixed with 2.5% (v/v) glutaraldehyde in 0.1 M PBS overnight at 4°C. After this, the cells were 

dehydrated using sequential exposure per ethanol concentrations ranging from 30-100% and the ethanol was replaced by 

tertiary butyl alcohol at last. Then, cells after centrifugation were dried at “critical point” in liquid CO2 under 95 bar 

pressure, and samples were gold-covered by cathodic spraying. Finally, morphology of the bacterial cells was observed 

on a scanning electronic microscope (JSM-7500F, JEOL Ltd., Japan).  

2.9 Statistical analysis 

All results are expressed as mean ± SD (n=3). One-way analysis of variance (ANOVA) and Duncan’s test were 

performed with significant level being considered at P < 0.05.  

3. RESULTS AND DISCUSSION 

3.1 TPC profiles of consecutive extracts 

The TPC of different consecutive extracts from oats were given in Table 1. Results showed that TPC of different 

extracts varied considerably and ranged from 20.54 to 262.25 mg GAE/g extracts, respectively, for petroleum ether and 

ethyl acetate. With respect to TPC, solvents used in the present study could be classified in the following decreasing 

order: ethyl acetate > ethanol > chloroform > water > petroleum ether. Generally speaking, differences in the content of 

phytochemicals from different solvent extracts may be come from differences in the polarity of solvents. However, these 

results were inconsistent with previous studies (Cheok et al., 2012; Rebey et al., 2012; Turkmen et al., 2006). These 

differences in TPC from oat may be concerned in the cultivated varieties, and extraction methods (Dimberg et al., 1996; 

Emmons & Peterson 2001). On the other hand, the effect of solvents on extraction was also possibly influenced by 

dielectric constant, chemical structure of organic solvents (Cheok et al., 2012) as well as chemical properties of plant 

phytochemicals (Jayaprakasha et al., 2003). 

Figure 1: The TPC of different consecutive extracts 

3.2 DIZ profiles of consecutive extracts 

The DIZ values of the different consecutive extracts against tested strains were presented in Table 2. No inhibitory 

effects of water extract on each of the tested bacteria was found, while other extracts showed varing degrees of 

antibacterial activity against tested Gram-positive bacteria and Gram-negative bacteria. The DIZ values for all tested 

bacterial strains were in the range of 7.8-19.3mm. Compared with other extracts, ethyl acetate extracts exhibited the best 

antibacterial activity against each of tested bacteria, followed by ethanol, chloroform, and petroleum ether extracts, which 

may be associated with bioactive constituents because some studies reported that the polyphenols and flavonoids 
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contribute to the antibacterial activities of plant extracts (Negi et al., 2005). The DIZ of B. subtilis and S. dysenteriae was 

the maximum value for tested Gram-positive bacteria and Gram-negative bacteria respectively, which may be associated 

with the genetic characteristics and growth characteristics of different bacteria. 

Table 1: Antibacterial activities of different consecutive extracts from oats 

 
DIZ (mm) 

S. aureus S. albus B. subtilis S. typhimurium S. dysenteriae E. coli 

petroleum ether 7.8±0.4 dB 8.3±0.2 dB 9.4±0.6 dA 9.0±0.3 cA 9.5±0.4 dA 8.1±0.2 cB 

chloroform 9.4±0.9 cB 11.0±0.5 cB 12.5±0.8 cA 13.5±0.7 bA 13.1±0.5 cA 12.7±0.8 bA 

ethyl acetate 19.3±1.0 aA 19.0±0.5aA 20.8±0.5 aA 17.8±0.7 aB 18.5±1.6 aA 16.7±0.6 aB 

ethanol 15.3±0.4 bB 15.2±0.5 bB 17.2±0.6 bA 15.1±0.4 bB 16.9±0.4 bA 14.3±0.3 bC 

water NI a NI NI NI  NI NI 

Values are represented as mean ± standard deviation of triplicates; Different small letters within the same column indicate 

statistically significant differences between the means of different solvent extracts against the same tested strains at P < 0.05; 

Different upper case letters within the same row indicate statistically significant differences between the means of the same extract 

against different tested strains at P < 0.05. 
a Not inhibition. 

3.3 MIC and MBC profiles of consecutive extracts 

The MIC and MBC values for tested bacterial strains were in the range of 31.2-1000 µg/mL (Table 2), respectively. 

Unfortunately, the MIC and MBC values of some extracts have not been gained when the concentration of extracts 

reached the maximum in method system tested. Of these bacteria, ethyl acetate extracts had the lowest MIC ranging from 

31.2 to 125 µg/mL and MBC ranging from 31.2 to 250 µg/mL against bacteria, followed by ethanol, and chloroform 

extracts, the lowest for water extracts, which was supported by the results of DIZ assay. These results indicated that ethyl 

acetate extracts had the best antibacterial effect against both tested bacteria, especially against B. subtilis and S. 

dysenteria in Gram-positive bacteria and Gram-negative bacteria respectively. Based on the sensitivity of the test food-

related bacteria, one Gram-positive (B. subtilis) and one Gram-negative  bacteria (S. dysenteria) were selected as the 

model organisms for further study the effect of the ethyl acetate extracts from oats on the viable counts of tested bacterial 

pathogen in the present study. 

Table 2: The MIC and MBC values (µg/mL) of different consecutive extracts from oats 
 

Petroleum ether Chloroform Ethyl acetate Ethanol Water 

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC 

S. aureus 1000 ND a 500 1000 62.5 125 62.5 125 ND ND 

S. albus 1000 ND 500 500 62.5 62.5 62.5 125 ND ND 

B. subtilis 500 1000 250 250 31.2 31.2 31.2 62.5 ND ND 

S. typhimurium 500 1000 250 500 125 250 250 250 ND ND 

S. dysenteriae 500 1000 250 500 31.2 62.5 62.5 125 ND ND 

E. coli 1000 ND 250 500 125 250 250 500 ND ND 

a Not detect. 

3.4 Kill-time analysis 

The effect of the ethyl acetate extracts on the viable counts of tested bacterial pathogen is shown in Figure 2. As 

observed in Figure 2, compared to the control, susceptible B. subtilis treated with the ethyl acetate extracts at the 1×MIC 

value showed a decrease, and the number of viable cells decreased by 46% from 6.15 to 3.32 log10 CFU/mL at the 

cultivation time of 24 h. Unlike the changing trend of the number of viable cells at 1×MIC, in treatments at 2×MIC, the 

number of viable cells decreased obviously from the first hour after cultivation and decreased by 97.55% to 0.15 log10 

CFU/mL over 24 h of incubation. Similarly, the effect of the ethyl acetate extracts on the viable counts of S. dysenteria 

was similar to the result on B. subtilis. Somewhat differently, the extent of change was not in keeping with the former. 

These results showed that the treatment time and concentration of extracts had great influences on antibacterial effects. 
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Figure 2: Effect of the extracts on the viability of the tested B. subtilis (A) and S. dysenteria (B) 

3.5 Electron microscope observation 

The B. subtilis and S. dysenteriae were treated with the ethyl acetate extracts from oats at 1×MIC for 4 h respectively, 

and then the morphological and physical changes of treated strains were observed by SEM. Figure 3 showed the SEM 

images of the treated and untreated bacteria. These images directly illustrated the destructive effects of the ethyl acetate 

extracts on the tested bacteria. The surfaces of the treated strains underwent some morphological changes compared with 

the untreated controls. Untreated B. subtilis cells were rod shaped, regular, intact and showed a smooth surface (Figure 3, 

A0), while bacterial cells treated with extracts became deformed, pitted, and shriveled (Figure 3, A1). Similar changes in 

S. dysenteriae were found, and bacterial cells also became deformed, pitted, shriveled after treating with the ethyl acetate 

extracts (Figure 3, B0 and B1), which indicated that the ethyl acetate extracts from oats may have severe effects on the 

cell wall and cytoplasmic membrane.  

 

Figure 3: The SEM photography of tested strains for A0 and B0, untreated B. subtilis and S. dysenteriae, respectively; 

A1 and B1, B. subtilis and S. dysenteriae treated with the ethyl acetate extracts, respectively 
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4. CONCLUSION  

The extracting solvent and fractional extraction significantly affected total polyphenols and antibacterial activities of 

oats. In our study, the ethyl acetate extracts from oats had the highest content of total polyphenols, followed by ethanol, 

chloroform, and water extracts, the lowest for petroleum ether extracts. No inhibitory effects of water extract on the 

tested bacteria was found, while other extracts from oats showed varing degrees of antibacterial activity against tested 

bacteria. Among these extracts, the ethyl acetate extracts had relatively higher antibacterial activities against the tested 

bacteria, followed by ethanol, chloroform, and petroleum ether extracts. These results indicated that selective extraction 

from natural sources, by an appropriate solvent or extraction method, is important for obtaining fractions with high 

antibacterial activity. In addition, though the exact mode of action of the ethyl acetate extracts on bacteria is still not 

clear, we concluded that one mechanism of action of extracts from oats against B. subtilis and S. dysenteriae was that 

ethyl acetate extracts disrupt the call wall based on SEM observations. Therefore, further research on the chemical 

compositions, mechanisms of action as well as the effects of extracts from oats on other food spoilage and poisoning 

bacteria is still necessary.  
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