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Thinned-Young Apple Polyphenols Inhibit Halitosis-Related Bacteria Through Damage to the Cell Membrane
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The thinned young apple is a by-product and is generally discarded in the orchard during fruit thinning. The polyphenol content of thinned young apples is about 10 times more than that of ripe apples. In our study, the antibacterial effect of thinned young apple polyphenols (YAP) on the halitosis-related bacteria including Porphyromonas gingivalis, Prevotella intermedius, and Fusobacterium nucleatum was investigated. The minimum inhibitory concentrations of YAP against P. gingivalis, P. intermedia, and F. nucleatum were 8.0, 8.0, and 12.0 mg/ml, while the minimum bactericidal concentrations were 10.0, 10.0, and 14.0 mg/ml, respectively. The scanning electron microscopy and transmission electron microscopy analyses showed that after YAP treatment, the membrane surface of halitosis-related bacterial cells was coarse and the cell wall and membrane were separated and eventually ruptured. The integrity of the cell membrane was determined by flow cytometry, indicating that the cells with the integrity membrane significantly reduced as the YAP concentration treatment increased. The release of proteins and nucleic acids into the cell suspension significantly increased, and the membrane potential reduced after the YAP treatment. This research illustrated the antibacterial mechanism of YAP against halitosis-related bacteria and provided a scientific basis of utilizing the polyphenols from the discarded thinned young apples.
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INTRODUCTION

Apples are rich in lots of nutrients, such as vitamin, fiber, pectin, and polyphenol which are good for the health. The major apple producers around the world are China, Italy, France, and United States (Nicolas et al., 1994). The total apple yield all over the world in 2014 was 84.56 × 106 and 40.92 × 106 tons in China, accounting for 48.39% of the total yield (Li et al., 2018). However, in order to improve the color, size, and quality of apples at harvest, the extra small thinned young apples should be removed from the apple tree after flowering (Miller and Rice-Evans, 1997). In China, about 1.9 million tons of thinned young apples are abandoned every year (Dou et al., 2015). These thinned young apples are usually directly discarded on the orchard grounds and may become a good energy source for the growth of microorganisms, which could increase the risk of fruit diseases and result in a significant reduction in the quality and yield of fruits (Hou et al., 2019). In recent years, some research has focused on the functional properties of thinned young apples (Chen W. et al., 2015; Yuan et al., 2016; Chen et al., 2017). Zhang et al. (2017) found that the polyphenols of thinned young apples have significant antibacterial activity against Staphylococcus and Bacillus anthracis. Nisar et al. (2019) reported that pectin films incorporated with young apple polyphenols could efficiently inhibit the growth of Staphylococcus aureus, Escherichia coli, and Listeria monocytogenes.

Halitosis is defined as an unpleasant odor caused by the catabolism of bacterial coverage of the tongue, periodontal disease, and other systemic diseases (Joda and Olukoju, 2013), but in halitosis, an incidence of 80–90% are caused by bacteria in the oral cavity (Sanz et al., 2001; Armstrong et al., 2010). Porphyromonas gingivalis, Prevotella intermedius, and Fusobacterium nucleatum are considered to be the main bacteria inducing halitosis (Wang et al., 2002; Lau et al., 2019). The sulfur volatiles such as hydrogen sulfide (H2S) are mainly in the halitosis odor, which are generated by sulfur amino acids such as cystine, cysteine, and methionine. The chemical solutions including chlorhexidine, triclosan, and cetylpyridinium chloride are usually used to inhibit the halitosis odor, but they may induce side effects such as bacterial resistance and urticaria (Peruzzo et al., 2007; Cortelli et al., 2008). In recent years, many studies pay attention to identifying the safe and natural antibiotic properties such as essential oil, saponin, and phenolic compounds of fruits and vegetables for inhibiting the bacteria-related halitosis odor (Nijole et al., 2018; Sun et al., 2019; Lagha et al., 2020). However, there are rare studies about the antibacterial activity of phenolic compounds of thinned young apples against the bacteria-related halitosis.

In this study, the antibacterial effect and mechanism of young apple polyphenols (YAP) against P. gingivalis, P. intermedius, and F. nucleatum were investigated. This study aimed to identify the natural and safe phenolic compounds of thinned young apples for the suppression of bacteria-related halitosis, which provided a new environmental way of using thinned young apples.



MATERIALS AND METHODS


Materials and Chemicals

The apple cultivar ‘Fuji’ was obtained at the Baishui Apple Test Station of Northwest Agriculture and Forestry University in Shaanxi province (China). The thinned young apples were collected 35 days after blossom and stored at –80°C. All polyphenol standards used for high-performance liquid chromatography (HPLC) analysis were purchased from Yuanye Biotechnology (Shanghai, China). P. intermedia, P. gingivalis, and F. nucleatum were obtained from Bena Culture Collection (BNCC) (Beijing, China).



Extraction, Purification, and Determination of Thinned Young Apple Polyphenols

The YAP were extracted and purification according to our previous method (Gong et al., 2020). Briefly, the thinned young apples were crashed into 3–4-mm particles. The crude polyphenols were extracted with 70% alcohol at 65°C for 3 h. The extract was filtered with a Buchner funnel and concentrated in a rotary evaporator (OSB-2100, Shanghai Ailang Instrument Factory, China). Then, the solution was centrifuged at 3,500 × g for 20 min and the supernatant was collected and eluted by an X-5 macroporous resin. Subsequently, the polyphenol extract was concentrated and lyophilized to obtain the polyphenol powder of ‘Fuji’ thinned young apples. According to the Folin–Ciocalteu method, the total polyphenol content in YAP was determined and expressed as gallic acid equivalent (mg GAE/g) (Chen L. Y. et al., 2015). The individual phenol compounds were analyzed by HPLC according to our previous method (Wang et al., 2019).



Antibacterial Activity

Porphyromonas gingivalis, F. nucleatum, and P. intermedia were used in this experiment. The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of YAP were determined according to the methods reported by Wang et al. (2013). Briefly, bacterial cells were cultured in BHI liquid medium which was added with Vitamin K3, yeast extracted, and Hemin. The bacterial cell concentration was adjusted at 1 × 105 colony-forming units per ml (CFU/ml). Then, the different concentrations of YPA (16, 14, 12, 10, 8, 4, and 2 mg/ml) were added in the test samples with agent-free broth as the blank. All the samples were incubated at 37°C for 48 h. MIC was defined as the lowest antibacterial concentration that inhibited bacterial growth, as shown by the absence of turbidity. The MBC was analyzed by inoculating 10 μl of medium from each of the MIC test that showed no turbidity onto BHI agar plates and incubation at 37°C for 48 h. The MBC values were defined as the lowest concentrations of antibacterial agents where there was no bacterial growth on the plates.



Microstructure Analysis

Bacteria in this study were cultured in BHI liquid medium with different concentrations of YPA (control, MIC, and MBC) and incubated at 37°C for 24 h. Then each culture was harvested by centrifugation at 3,000 × g for 10 min. The samples were prepared according to the method of Wang et al. (2018) and then were observed and photographed by scanning electron microscopy (SEM; Quanta 200, FEI Co., Hillsboro, OR, United States).

The intracellular microstructure was observed and photographed by transmission electron microscope (TEM; H-7650, Hitachi Co., Tokyo, Japan). The preparation of TEM samples was performed according to the method of Wang et al. (2018). The pellets were fixed in 2.5% (v/v) glutaraldehyde for 90 min and washed three times by 0.1 M phosphate buffer (pH 7.2). The cells of each group were fixed in 1% osmic acid for 2 h at room temperature. Then, the bacterial cells were dehydrated and infiltrated into acetone and epoxy resin. The samples were embedded, polymerized, and sectioned.



Cell Membrane Integrity Analysis

According to the previously reported method (Zhou et al., 2020), the bacterial cells stained by dye propidium iodide (PI) were used to evaluate the cell membrane integrity of P. gingivalis, F. nucleatum, and P. intermedia via flow cytometry. The cells used for cell membrane integrity analysis was prepared by the same method as the SEM analysis. After incubation and centrifugation, the bacterial cells were washed three times by 0.1 M phosphate buffer (pH 7.2) and the pellets were resuspended in 0.1 M phosphate buffer. 1 ml of cell suspension was stained with 3 μl of PI (5 mM) for 20 min at 37°C in the dark. The fluorescence intensity was detected by the BD Accuri C6 flow cytometer (Becton Dickinson, United States), and the NovoExpress software was used for data analysis.



The Release of Proteins and Nucleic Acids

The changes in DNA content outside the cell membrane were graphed with the optical density and the corresponding time as the ordinate and abscissa, respectively. Specifically, bacterial cells were cultured in BHI liquid medium combined with different concentrations of YPA (control, MIC, and MBC) at 37°C for 24 h. Every 4 h, the suspensions were collected and centrifuged at 5,000 × g for 10 min; the supernatants were collected and diluted with 0.1 M phosphate buffer. Then, the optical density was determined with a microplate reader (Multiskan GO, Molecular Devices, Sunnyvale, CA, United States) at 260 nm. The corrections were carried out for the optical density at 260 nm of suspensions with PBS (0.1 M, pH 7.4) containing the same concentrations of YAP. In addition, the suspension was collected to determine the protein concentration according to Bradford’s method (Bradford, 1976).



Membrane Potential Determination

The cell suspensions (approximately 1 × 107 CFU/ml) were combined with different concentrations of YPA (control, MIC, and MBC) and incubated at 37°C for 8 h. The suspensions were washed three times with 0.1 M phosphate buffer (pH 7.2) and mixed with 2 μg/ml of rhodamine 123. Then, the samples were washed three times again, and the pellets were resuspended in PBS for 30 min in the dark. The cell suspensions were a 96-well microplate and detected by a microplate reader (Multiskan Go, Molecular Devices, Sunnyvale, CA, United States) (Comas and Vives-Rego, 1997). The data were expressed as median fluorescent intensity (MFI).



Statistical Analysis

All experiments were done in triplicate. The data were analyzed by using Origin 8.0 (OriginLab Co., Northampton, MA, United States) and SPSS software 24.0 (SPSS Inc., Chicago, IL, United States) and expressed as the average ± standard deviations. Duncan’s multiple-range test with 95% confidential level was used to access the difference between the average values. p < 0.05 indicated the significant difference between variables. Principle component analysis (PCA) determined the relationships among the variables by the STAT-ITCF Statistical software (Bordeaux, France).




RESULTS


Chemical Characteristics of YAP

As Figure 1 shows, the main individual phenols in thinned young apples are chlorogenic acid, L-epicatechin, catechin, quercetin, hyperin, rutin, and phlorizin. Their contents were 37, 5.28, 4.37, 6.02, 2.59, 6, and 29%, respectively. The contents of phlorizin and chlorogenic acid were the highest, accounting for 66% of the total phenolic content.
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FIGURE 1. HPLC chromatograms of YAP. YAP was 70% ethanol-eluted fractions from thinned young apples.




Antibacterial Activity of YAP

The antibacterial activity of YAP was evaluated by MIC and MBC. The MIC values of P. gingivalis, F. nucleatum, and P. intermedia were 8.0, 8.0, and 12.0 mg/ml, respectively, while the MBC values were 10.0, 10.0, and 14.0 mg/ml, respectively. Among the three bacteria, P. gingivalis and F. nucleatum were similarly susceptible to the YAP, with the lower MIC and MBC.



Effect of YAP on the Microstructure of Bacterial Cells

In order to investigate the effects of YAP on the outer wall structure of bacterial cells, SEM was used to analyze the wall structure changes of bacterial cells after the different concentrations of YAP (control, MIC, and MBC) treatment. As shown in Figure 2, untreated P. intermedia cells (Figure 2A1) showed the typical globe-shaped morphology, while P. gingivalis (Figure 2B1) and F. nucleatum (Figure 2C1) cells showed the typical rod-shaped morphology. After treatment with YAP at the MIC level, the bacterial cells (Figures 2A2,B2,C2) showed severe outer wall morphological changes. Additionally, the surface of bacterial cells treated with YAP at the MBC level (Figures 2A3,B3,C3) showed serious wrinkles and pores, and some cells were even broken, which indicated that the outer wall morphological changes were more serious compared to the bacterial cells treated with YAP at the MIC level. The observations of SEM suggested that the cell surface of P. intermedia, P. gingivalis, and F. nucleatum could be damaged by the YAP, which could affect the proliferation of bacterial cells and may lead to cell death. However, it was unclear whether the morphological changes of bacterial cells induced by YAP could lead to the penetration of the bacterial envelope, which was due to the fact that the YAP may pierce through the bacterial envelope and damage the cell barrier between the cytosol and extracellular environment. Thus, TEM analysis was further used to analyze this phenomenon.
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FIGURE 2. The outer wall structure changes of bacterial cells treated with different concentrations of YAP. (A1) P. intermedia with untreated, as control; (A2) P. intermedia treated with MIC; (A3) P. intermedia treated with MBC; (B1) P. gingivalis with untreated, as control; (B2) P. gingivalis treated with MIC; (B3) P. gingivalis treated with MBC; (C1) F. nucleatum with untreated, as control; (C2) F. nucleatum treated with MIC; (C3) F. nucleatum treated with MBC. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.


Transmission electron microscopic analysis was performed on the bacterial cells treated with different concentrations of YAP (control, MIC, and MBC). As shown in Figure 3, untreated bacterial cells (Figures 3A1,B1,C1) showed that the cells have complete cell walls and membranes, and homogeneous intracellular constituents. After treatment, the TEM images in Figures 3A2,B2,C2 showed the surface of bacterial cells treated with YAP at the MIC level. Some part of the cell wall became blurred. The cell walls and membranes were separated, and the intracellular constituents were inhomogeneous. Furthermore, the cells treated with YAP at the MBC level (Figures 3A3,B3,C3) exhibited that the cell wall was ruptured and the cytoplasmic content was leaked from the cell. These observations of TEM further confirmed that YAP could damage the cell walls and membranes and alter the cell intracellular microstructure.
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FIGURE 3. The intracellular microstructure changes of bacterial cells treated with different concentrations of YAP. (A1) P. intermedia with untreated, as control; (A2) P. intermedia treated with MIC; (A3) P. intermedia treated with MBC; (B1) P. gingivalis with untreated, as control; (B2) P. gingivalis treated with MIC; (B3) P. gingivalis treated with MBC; (C1) F. nucleatum with untreated, as control; (C2) F. nucleatum treated with MIC; (C3) F. nucleatum treated with MBC. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.




Effect of YAP on Cell Membrane Integrity

The integrity of cell membranes was analyzed by flow cytometry with the fluorescent probe PI (Figure 4). When the integrity of the cell membranes was damaged, the fluorescence intensity of the bacterial cells may increase. The percentages of F. nucleatum, P. gingivalis, and P. intermedia cells with PI fluorescence in the MIC group were 53.47, 52.91, and 57.14%, respectively, while the percentages of bacterial cells with PI fluorescence in the MBC group were 76.92, 94.51, and 78.77%, respectively. The flow cytometry results showed that the cells with the integrity membrane dramatically reduced with the increase in YAP concentrations (p < 0.05).
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FIGURE 4. Flow cytometric analysis. Data acquisition was set to 30 μl for each experiment. (A) F. nucleatum; (B) P. gingivalis; (C) P. intermedia. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.




Effect of YAP on the Release of Proteins and Nucleic Acids

The release of proteins and nucleic acids into the cell suspension was studied to further explore the effect of YAP on the bacterial cells. The OD260 nm values showed the release of nucleic acids into the suspension of the bacterial cells with different YAP concentration treatments, as shown in Figure 5. The OD260 nm values of the three bacteria after YAP treatment at the MBC level were higher than those after the MIC treatment, which suggested that the release of nucleic acids significantly increased with the increase in YAP concentrations (p < 0.05). Compared to the untreated group, the OD260 nm values of the three bacteria treated with YAP at both MIC and MBC levels significantly increased from 0 to 4 h (p < 0.05). However, the OD260 nm values of the three bacteria treated with MIC and MBC of YAP steadily increased for the next tested hours, and its increasing rate was obviously lower than that for the first 4 h. Figure 6 shows the release of protein content of three bacterial cells from 0 to 32 h. When the three bacterial cells were treated with YAP at the MBC level, the released protein content of three bacterial cells was significantly higher than that at the MIC level. Additionally, compared to the untreated group, the release of protein content remarkably increased from 0 to 4 h for three bacterial cells after YAP treatment with MBC and MIC levels, while the release of protein content of three bacterial cells after YAP treatment also increased from 4 to 24 h, but the increasing rate was lower than that from 0 to 4 h. For the last 8 h, the release of protein content of three bacterial cells remained stable, especially for P. gingivalis and P. intermedia.


[image: image]

FIGURE 5. Release of 260 nm absorbing material from (A) F. nucleatum; (B) P. gingivalis; and (C) P. intermedia treated with YAP for 32 h. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.
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FIGURE 6. Release of protein-absorbing material from (A) F. nucleatum; (B) P. gingivalis; and (C) P. intermedia treated with YAP for 32 h. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.




Effect of YAP on Membrane Potential

Figure 7 shows the changes in membrane potential (MP) of three bacterial cells after YAP treatment. Compared with the untreated group, the MFI values of P. intermedia, P. gingivalis, and F. nucleatum decreased by 32.48, 34.74, and 48.47%, respectively, after YAP treatment at the MIC level, while the MFI values reduced by 52.97, 56.04, and 75.57%, respectively, after YAP treatment at the MBC level. The results indicated that the MP of three bacterial cells significantly reduced with the increase in YAP concentration (p < 0.05). The decrease in the cell MP means the depolarization of the cell membrane, which could eventually lead to irregular cell metabolism and cause cell death (Hamilton et al., 2021).
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FIGURE 7. Membrane potentials of P. intermedia, P. gingivalis, and F. nucleatum treated with different concentrations of YAP. MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.




Principal Component Analysis

The relationships between the release of proteins and nucleic acids and MP of halitosis-related bacteria treated with different concentrations of YAP were analyzed by principal component analysis (Figure 8) (PCA) (Pu et al., 2020). The first component (PC1) and the second component (PC2) accounted for 99.15% of the total variance, which indicated that the first two principal components could distinguish the bacteria treated with different concentrations of YAP. Along with the direction of PC1, the control group is mainly distributed in the negative half axis of PC1, while the group treated with MIC and MBC is mainly distributed on the positive half axis, indicating that there is a significant difference between the groups treated with YAP and the control group. Surprisingly, according to the PC1 direction, the bacterial groups treated with YAP at the MIC level plotted was between the control and bacterial groups treated with YAP at the MBC level; this may be because under the treatment of MIC and MBC, the MP of bacterial cells was significantly reduced, and the release of proteins and nucleic acids was significantly increased. It also indicates that the effect of YAP content on the bacteria-related halitosis was significant. Along with the direction of PC2, the groups of P. gingivalis treated with different YAP concentrations were distributed at the positive half axis of PC2, while the groups of F. nucleatum were distributed at the negative half axis of PC2, which may be due to the different sensitivities to the pH of culture medium (Takahashl et al., 2010).
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FIGURE 8. Loadings of P. intermedia, P. gingivalis, and F. nucleatum treated with different concentrations of YAP on the first and second principal components. F.n, F. nucleatum; P.g, P. gingivalis; P.i, P. intermedia; MIC, minimum inhibition concentration; MBC, minimum bactericide concentration.





DISCUSSION

Although many literatures are focused on the antibacterial effects of apple polyphenols, there are few literatures on thinned young apple polyphenols. We extracted and purified polyphenols from ‘Fuji’ thinned young apples according to the methods of our previous publication (Gong et al., 2020) and analyzed the extracted YAP by HPLC. The higher contents of individual phenols in thinned young apples were chlorogenic acid and phlorizin. It was found that chlorogenic acid and phloretin/phlorizin, as natural antibacterial agents, are widely used in pharmaceutical products (Li et al., 2014; Zhang et al., 2016). However, the phenol extract from Golden Delicious apples by ethyl acetate had a lower antibacterial activity against Staphylococcus aureus and Escherichia coli than the phlorizin and phloretin standards (Zhang et al., 2016), which may be due to the fact that the polyphenols from apples were usually conjugated with glycosides and reduced the antibacterial activity (Cao et al., 2009). The relative position of the hydroxyl group in the phenolic compounds and the types of alkyl substituents incorporated into the non-phenolic ring structure could also affect the antibacterial activity (Dorman and Deans, 2000). In our study, the YAP showed a certain antibacterial activity, but the antibacterial activity was lower than other natural phenolic extracts, such as tea polyphenols and tart cherry phenolic extract (Lagha et al., 2017, 2021). In order to improve the antibacterial activity of YAP, the structure of YAP should be further studied and modified in the future.

Fusobacterium nucleatum, P. gingivalis, and P. intermedius have been strongly associated with periodontal lesions as well as halitosis (Awano et al., 2002; Tonetti et al., 2013). Morphological alterations could intuitively reflect the antibacterial effects of YAP against the halitosis-related bacteria. In the present study, we investigated the influence of different concentrations of YAP (control, MIC, and MBC) on morphological alterations in bacterial cells through SEM and TEM analyses. After YAP treatment, the SEM analyses observed that the membrane surface was coarse and wrinkles and pores occurred, which was consistent with other research about the extracted phenols of fruits, such as hawthorn and wild blueberry (Ben et al., 2015; Zhang et al., 2020). The TEM analyses observed that the cell walls and membranes were separated and eventually ruptured and the cell contents were leaked, which were irreversible. The morphological alterations of bacteria cells may be because the phenolic acid could change the hydrophobicity of the cell membrane, resulting in irreversible changes in intracellular components (Borges et al., 2013; Alshuniaber et al., 2020).

In prokaryotes, the cell membrane is not only related to the energy conversion but also related to nutrient processing, the synthesis of structural macromolecules, and the secretion of many enzymes required for life (Yuroff et al., 2003; Silhavy, 2016). Thus, the integrity of the cell membrane is essential for cell growth. The flow cytometer is used to determine the integrity of the cell membrane (Cao et al., 2009), and the release of large molecules including nucleic acids and proteins into the cell suspension could be further evaluated to determine whether the cell membrane integrity is damaged (Diao et al., 2014; Zhou et al., 2020). Our results indicated that the integrity of the cell membrane was destroyed and the leakage of proteins and nucleic acids into the cell suspension increased after YAP treatment. These phenomena provided evidence that the bacterial cell membranes are damaged, which agreed with the antibacterial activity of tea polyphenols (Yi et al., 2010). Lou et al. (2011) found that the negatively charged phenol compounds may be attached to the outer membrane of bacteria by the electrostatic interaction and destroy the outer membrane. Additionally, the study has shown that the electronegative phenol compounds could interfere with the biological process by the electron transfer and react with the nitrogen components such as nucleic acids and proteins (Dorman and Deans, 2000).

The MP is one of the most important parameters of bacterial cells. It is related to cellular antibiotic intake and bactericidal effect (Bajpai et al., 2013). A lot of information could be obtained by monitoring the MP of a cell. When the cell membrane is damaged, depolarization and hyperpolarization will be shown (Comas and Vives-Rego, 1997). Depolarization and hyperpolarization were mainly caused by the changing of the ion concentration in cells, which could damage the functions of the cell membrane (Eisenberg et al., 1982). Therefore, the MP could be used to determine whether the cell membrane of bacteria is damaged. In our study, the MP of bacteria-related halitosis significantly reduced after YAP treatment. These results suggested that YAP could effectively induce the depolarization of the bacterial cell membrane and damage the cell membrane, resulting in abnormal metabolism of bacterial cells. Studies found that the halitosis-related bacteria could be depolarized by quinoa saponins, which is consistent with our research results (Sun et al., 2019). Lou et al. (2011) reported that a large amount of K+ was released to the cell suspension of Shigella dysenteriae and Streptococcus pneumoniae after chlorogenic acid treatment, which was due to the fact that chlorogenic acid changed the MP and damaged the cell membrane. However, the effect of YAP on the ions released from halitosis-related bacterial cells still needs to be further studied in the future.

The content of polyphenols of thinned young apples is about 10 times compared with ripe apples (Hiroshi et al., 2005). In our study, we explored the antibacterial effect and antibacterial mechanism of YAP on halitosis-related bacterial. The results indicated that YAP could inhibit P. gingivalis, P. intermedius, and F. nucleatum and alter the morphology of bacterial cells and the integrity of cell membranes. YAP had potential roles for curing oral odor induced by bacteria. However, the polyphenol was always attached with other large molecules such as protein and polysaccharide in food systems. Our future work should aim at investigating the influence of the protein, organic acid, and polysaccharide combined with the YAP, especially chlorogenic acid and phlorizin, on the antibacterial activity against halitosis-related bacteria and clarifying the antibacterial mechanism.



CONCLUSION

This study clearly showed that the phenolic extract from ‘Fuji’ has an inhibitory effect on halitosis-related bacteria, including P. gingivalis, P. intermedius, and F. nucleatum. The outer wall of the bacterial cells treated with YAP showed obvious wrinkles and holes, while in the internal microstructure, the cell wall and cell membrane were separated, blurred, and even disappeared. The release of proteins and nucleic acids into the cell suspension significantly increased with the increase in YAP concentration treatment. The MP of three bacterial cells treated with YAP significantly reduced. These results revealed that YAP could destroy the integrity and permeability of the cell membrane, resulting in the cell death of bacteria related with halitosis. This research could open up new areas for the application of thinned young apples and provided new antibacterial agents for halitosis.
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