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Plant growth-promoting bacteria (PGPB) are considered a promising tool for triggering the synthesis of bioactive compounds in plants and to produce healthy foods. This study aimed to demonstrate the impact of PGPB on the growth, accumulation of primary and secondary metabolites, biological activities, and nutritional qualities of Eruca sativa (arugula), a key leafy vegetable worldwide. To this end, Jeotgalicoccus sp. (JW0823), was isolated and identified by using partial 16S rDNA-based identification and phylogenetic analysis.  The findings revealed that JW0823 significantly boosted plant biomass production by about 45% (P<0.05) and enhanced pigment contents by 47.5% to 83.8%. JW0823-treated plants showed remarkable improvements in their proximate composition and vitamin contents, with vitamin E levels increasing by 161.5%. JW0823 induced the accumulation of bioactive metabolites including antioxidants, vitamins, unsaturated fatty acids, and essential amino acids, thereby improving the nutritional qualities of treated plants. An increase in the amounts of amino acids was recorded, with isoleucine showing the highest increase of 270.2%. This was accompanied by increased activity of the key enzymes involved in amino acid biosynthesis, including glutamine synthase, dihydrodipicolinate synthase, cystathionine γ-synthase, and phenylalanine ammonia-lyase enzymes. Consequently, the total antioxidant and antidiabetic activities of the inoculated plants were enhanced. Additionally, JW0823 improved antimicrobial activity against several pathogenic microorganisms. Overall, the JW0823 treatment is a highly promising method for enhancing the health-promoting properties and biological characteristics of E. sativa, making it a valuable tool for improving the quality of this important leafy vegetable.
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1 Introduction

Beneficial bacteria, including endophytes and rhizobacteria, form symbiotic relationships with plants and are known as plant-growth-promoting bacteria (PGPB). PGPB stimulate plant growth and are used in agriculture to improve productivity and quality as an alternative to traditional fertilizers, promoting sustainability (Bakhshandeh et al., 2020; Saberi Riseh et al., 2021; Crecchio, 2020; Manoj et al., 2020). They maintain soil fertility (Harris, 1997), solubilize minerals like phosphate and zinc, and fix nitrogen (Pii et al., 2016; Yaghoubi Khanghahi et al., 2021b). Furthermore, they produce growth regulators (Khan, 2021), enhancing plant growth, metabolism, and stress resistance (AbdElgawad et al., 2021a, 2021b; Ghorbel et al., 2023), and improve agronomic and physiological traits in various plants (Yaghoubi Khanghahi et al., 2021a) and induce hormone production (Harris, 1997). Overall, PGPB support ecosystem survival and function (Schimel et al., 2007; Paz-Ferreiro and Fu, 2016). Among PGPB, Jeotgalicoccus sp. can effectively promote plant growth, colonization and show great potential in plant tolerance to abiotic stresses (Gong et al., 2016; Li et al., 2022; Misra et al., 2019; Liu et al., 2011). The genus Jeotgalicoccus was introduced by Yoon et al. (2003), initially encompassing two species (J. halotolerans and J. psychrophilus). This new genus was classified within the Staphylococcaceae family of the Firmicutes phylum. J. huakuii improved maize growth in alkaline soil and increased the production of bioactive compounds such as antioxidants, chlorophyll, and soluble sugars (Misra et al., 2019). Mukasheva et al. (2016) reported that J. halotolerans strain can produce growth-promoting hormones (IAA) and ACC deaminase enzyme, reducing ethylene levels in plants. This genus (ВАК1) demonstrated growth-promoting and phosphorus-solubilizing properties as well as antagonistic potential against the causative agents of fungal diseases (Mukasheva et al., 2016). J. huakuii NBRI 13E enhanced plant growth under salt stress (Misra et al., 2019). In this context, J. huakuii NBRI 13E boosted defense enzyme production and osmo-protectant (e.g., proline) accumulation, mitigating salinity stress. J. nanhaiensis is also known as a heavy metal tolerant bacterial strain enhancing phytoremediation potential to remediate arsenic from contaminated sites (Singh et al., 2019). Recent research has documented the heavy metal tolerance of Jeotgalicoccus strains (Ahamed et al., 2024; Alves et al., 2022; Kumari et al., 2022; Sharma et al., 2024). Additionally, James et al. (2024) highlighted the role of Jeotgalicoccus-associated plants in mitigating air pollution.

Eruca sativa Mill. (Arugula) is an annual herb found abundantly worldwide (Warwick, 1994) and is regarded as one of the most significant leaf vegetables, originating from the Mediterranean region (Zeven and de Wet, 1982). Valued for its health benefits, it is rich in fiber and contains antioxidants such as carotenoids, polyphenols, and vitamin C. Taramira oil, a flavorful oil, is traditionally extracted from its seeds. The plant’s aerial parts are commonly eaten raw in salads, like rocket salad. For almost two centuries, the genera Eruca and Diplotaxis have been recognized for their various health benefits and medicinal properties, including depurative, anti-inflammatory, digestive, aphrodisiac, diuretic, and rubefacient effects (Yaniv et al., 1998). Thus, enhancing the growth and tissue chemical composition of Eruca plants is crucial for meeting food needs. PGPB play a crucial role in this process of meeting food and population requirements.

Given the biological potential of Jeotgalicoccus sp. (JW0823), we hypothesized that symbiotic interactions of JW0823 with Eruca plants could enhance their tissues’ chemical composition, leading to improved plant growth and quality. Consequently, this study aimed to explore the effects of JW0823 on E. sativa by investigating its impact on plant growth, tissue chemical composition, and bioactive properties. Overall, JW0823 is introducing as a valuable tool for improving the quality of this important leafy vegetable, with the goal of improving agricultural practices and sustainability.




2 Materials and methods



2.1 Isolating, purification and identifying bacteria from the rhizosphere

Bacteria were isolated using the filtration method described by Brock (1983). Membrane filtration methods were utilized (Manaia and da Costa, 1991). The filters are placed on bacterial media plates. Bacteria were incubated on the plates for 2-7 days at 30-37°C after inverting. Bacterial biodiversity was observed, and purification of bacterial colonies was done by streaking several times on the isolation medium using the streaking plate method and then subculturing on slants of the same medium. The ability of bacteria to produce indole acetic acid (IAA) was assessed by the method described by Patten and Glick (2002), using Salkowski’s reagent [FeCl3 (0.5 M) solution in perchloric acid (35%)] and orthophosphoric acid.

Extracting genomic DNA and identifying PCR products were performed to determine the culture species. DNA from the isolates was extracted using the Pure Link Genomic DNA Kit (K182001), a bacterial DNA extraction kit, following the manufacturer’s procedure. The concentration of extracted DNA was also measured spectrophotometrically using a Nano Drop ND 1000 (Thermo Scientific, USA). The isolated DNA was validated using a standard agarose gel (1% w/v). PCR and Sequencing Work Purification as well as standard sequencing for PCR products were carried out by Macrogen Company (Seoul, Korea). The PCR reaction was conducted using 100 ng of genomic DNA in a total volume of 50 µl, with a reaction buffer at 1x concentration, 30 pmole of each primer, and 2 units of Taq polymerase. The thermal cycling conditions (denaturation step at 94°C for 5.5 minutes, followed by 30 cycles of denaturation at 93°C for 1 minute, primer annealing at 53°C for 1 minute, and extension at 72°C for 1.5 minutes). The PCR products were then purified using QIAquick PCR purification reagents. The gel was stained with ethidium bromide and visualized using an ultraviolet transilluminator.

Sequencing reactions were carried out in a MJ Research PTC-225 Peltier Thermal Cycler using ABI PRISM® BigDyeTM Terminator Cycle Sequencing Kits with AmpliTaq® DNA polymerase (FS enzyme) (Applied Biosystems), following the manufacturer’s instructions. Each template was sequenced in a single pass using the universal primer 27F (5’-AGAGTTTGATC(AC)TGCCTCAG-3’). The fluorescent-labeled fragments were isolated from unincorporated terminators using the Big Dye®X Terminator™ purification process. The samples were resuspended in distilled water before electrophoresis using an ABI 3730xl sequencer (Applied Biosystems). The sequences were examined for sequence similarity using BLAST (www.ncbi.nlm.nih.gov/BLAST/) (Altschul et al., 1997), and compared to reference sequences found in BLAST and downloaded from GenBank (www.ncbi.nlm.nih.gov/genbank/).




2.2 Experimental setup, plant materials, and growth conditions

The arugula seeds (E. sativa) (Agricultural Research Centre, Giza, Egypt). After that, for six hours at room temperature, sterile arugula seeds were immersed in a liquid suspension of the isolated strain, JW0823 inoculum (cultured at 30°C, pH 7.8 and 0% NaCl for 48 hours) at 25% concentrations (2.5 × 107 CFU mL−1), while the control group was submerged in distilled water. The treated and controlled arugula seeds were sown into sterile soil and three biological replicates for each treatment are represented by the three pots. The clay soil initially contained 14.5 mg organic carbon (C), 13.7 mg nitrate-nitrogen (N), 1.7 mg ammonium-N, 9.3 mg phosphorus (P)/g air dry soil at a humidity of 0.41 g water/g dry soil. The soil was watered twice a day and maintained at 58%. The arugula was cultivated in pots (20 cm high and 15 cm width) and grown in growth-controlled chambers with the following conditions: 24°C, 290 ± 12 µmol PAR m−2 s−1, 16 hours of light and 8 hours of darkness, and 58% relative humidity. All pots were arranged in a randomized complete block design with five replicates per treatment. After 5 weeks of growth, the fresh weight (FW) and dry weight (DW) of the shoots were measured and kept at -80°C pending biochemical studies. Ultimately, the arugula plants were preserved for additional examination by freezing them in liquid nitrogen at -196°C.




2.3 Determination of photosynthetic rate

An EGM-4 infrared gas analyzer connected to an Environmental Monitor Sensor Probe Type 3 (PP Systems, Hitchin, UK) was used to determine the photosynthetic rate (Lichtenthaler, 1987).

A net CO2 exchange (NE) measurement was conducted under ambient light, followed by a dark respiration measurement with the enclosure covered with a dark cloth for180 s measurement.




2.4 Pigment analysis

A MagNALyser (Roche, Vilvoorde, Belgium) was employed to homogenize 200 mg of plant in acetone at 7000 rpm for one minute. Subsequently, they underwent centrifugation for 20 minutes at 14,000 × g and 4°C. Following the method described by Almuhayawi et al. (2020), the supernatant was filtered and subjected to HPLC analysis using a Shimadzu SIL10-ADvp system equipped with a reversed-phase column at 4°C. Carotenoids were isolated using a silica-based C18 column with acetonitrile/methanol/water (81:9:10) and methanol/ethyl acetate (68:32) as the solvents. A diode-array detector (Shimadzu SPDM10Avp) was employed to extract and identify β-carotene, chlorophyll a, and chlorophyll b at wavelengths of 420, 440, 462, and 660 nm.




2.5 Determination of the nutritional quality

Data about the proximate composition, amounts of amino, organic, and fatty acids, as well as minerals, vitamins, and phenolics were obtained according to the following methods, in order to provide insight into the nutritional quality of E. sativa plants.



2.5.1 Proximate composition analysis

Following Wong et al. (2000)’s procedure, the carbohydrate content of each arugula plant group, whether treated or untreated with PGPB, was determined. Additionally, protein concentration (0.2 g FW) in each plant sample was extracted in 0.1 mM KPO4 buffer at pH 7. Then it was measured according to the method described by Lowry et al. (1951). After that, it was measured using the Lowry et al. (1951) method. The total lipid content of the plants was assessed after homogenizing the samples in a 1:2 (v/v) mixture of methanol and chloroform, as outlined by Shiva et al. (2018). Subsequently, the plants were centrifuged at 3000× g for 15 minutes, and the resulting pellets were dissolved in a 4:1 (v/v) mixture of ethanol and toluene. To determine the total lipid content, the lipids were first concentrated and then quantified using a gravimetric method. The results were expressed as milligrams of lipid per gram of fresh plant weight. The crude fibers were isolated from the plant material (Lee, 2002). The enzymatic digestion was performed using protease at pH 7.6 and 55°C for 24 minutes, followed by treatment with amyloglucosidase at pH 6 and 0°C for 30 minutes to eliminate proteins and starches.




2.5.2 Elemental analysis

Following the methodology outlined by AbdElgawad et al. (2014), 200 mg of plants, treated with bacterial endophytic inoculation and control plants, were subjected to digestion in a 5:1 (v:v) HNO3/H2O solution to determine their mineral composition. Subsequently, both major and trace elements were analyzed using inductively coupled plasma mass spectrometry (ICP-MS) on a Finnigan Element XR instrument from Scientific, Bremen, Germany.




2.5.3 Amino acids metabolism

Following the protocol outlined in Sinha et al. (2013), 100 mg of every plant sample were dissolved in five mL ethanol (80%), while being spun at 5000 rpm for one minute. Subsequently, a 25-minute centrifugation at 14,000 x g was conducted, and the supernatant that resulted was reconstituted in 5 milliliters of chloroform. Then, one milliliter of water was used to remove any residue. After resuspension in chloroform, the pellet and supernatant were centrifuged for 10 minutes at 8000× g. Then filtration through Millipore microfilters with 0.2-μm pore size was done. Elution (A, containing 10% acetonitrile, 84% ammonium formate and 6% formic acid, v/v) and quantification of amino acids (B, containing 2% formic acid, v/v and acetonitrile) were carried out using a Waters Acquity UPLC TQD apparatus connected to a BEH amide column. A set of amino acid standards was utilized as the reference.

Glutamyl synthase (GS) activity was measured using the methodology described by Almuhayawi et al. (2021), with extraction conducted in 100 mg mL−1 Tris-HCl (50 mM), pH 7.4, containing 2% polyvinylpyrrolidone, 4 mM DTT, 10 mM MgCl2, 1 mM EDTA, 10% glycerol, and 2 mM PMSF. Subsequently, γ-glutamyl hydroxamate synthesis was assessed, indicating the presence of GS activity in a Tris-acetate reaction buffer (200 mM, pH 6.4). Dihydrodipicolinate synthase (DHDPS) activity was carried out as per Kumpaisal et al. (1987). Plants not exposed to L-aspartate-b-semialdehyde were used as a negative control. The reaction was conducted at 36.5°C to facilitate adduct formation between the reaction product and o-ABA. Trichloroacetic acid (TCA) at a concentration of 12% was added to stop the process, and samples were analyzed at 550 nm following a 60-minute dark incubation period.

Cystathionine γ-synthase (CGS) was extracted in 20 mM MOPS for 15 minutes at 4°C. The supernatants were combined with a reaction buffer containing O-phospho-homoserine (5 mM), L-cysteine (2 mM), PLP (100 µM), and AVG (200 µM). L-cystathionine formation was isolated using a phenomenex Hyperclone C18 BDS column on a Dionex HPLC system, following the method described by Ravanel et al. (1998).




2.5.4 Organic acid analysis

Organic acids in 200 mg of plant samples were detected using HPLC (0.001 N sulfuric acid, at 210 nm, flow rate of 0.6 mL min−1), following the method outlined by Hamad et al. (2015). The detection system comprised an LED model detector (Ultimate 3000) and a liquid chromatographer (Dionex, Sunnyvale, CA, USA), equipped with an LPG-3400A pump, a TCC-3000SD column thermostat, and an EWPS-3000SI autosampler. The separation was conducted at 65°C using an Aminex HPH-87 H (300 × 7.8 mm) column with an IG Cation H (30 × 4.6) precolumn from Bio-Red company. UV detection system operating at 210 nm was used to estimate the concentrations of citric, succinic, fumaric, and malic acids (LaChromL-7455 diode array, LaChrom, Tokyo, Japan). Data analysis was performed using the Chromeleon v.6.8 computer program.




2.5.5 Fatty acid analysis

200 mg of the plant samples were extracted in 50% aqueous methanol at 25°C. The plant material was thoroughly homogenized in 50% aqueous methanol to ensure efficient extraction. The mixture was then subjected to shaking, and then the extract was centrifuged at 4°C for 20 minutes. The GC/MS (Hewlett Packard, Palo Alto, CA, USA) was used to sperate and identify fatty acid detection method, which was equipped with an HP-5 MS column (30 m × 0.25 mm × 0.25 mm). NIST 05 database and Golm Metabolome (http://gmd.mpimp-golm.mpg.de, accessed on February 23, 2024) were utilized. A set of amino acid standards was utilized as the reference.




2.5.6 Vitamin content analysis

To determine the levels of vitamins in plant samples, approximately 200 mg of fresh plant material was analyzed using UV and/or fluorescence detectors. For this analysis, thiamine and riboflavin contents were measured. A reverse-phase C18 column was utilized for the separation process in high-performance liquid chromatography (HPLC), with a methanol/water solvent system. Vitamin C (ascorbate) levels were quantified using HPLC with Shimadzu equipment (Hertogenbosch, The Netherlands). Antioxidants were isolated from plant tissues that had been extracted in 1 mL of ice-cold 6% (w/v) meta-phosphoric acid. The antioxidants were subsequently separated on a reversed-phase HPLC column (Farfan-Vignolo and Asard, 2012). The thiamine and riboflavin contents were again determined using UV and/or fluorescence detection, with a reverse-phase C18 column used for separation.




2.5.7 Analysis of phenolics and their biosynthetic enzymes

To assess the total flavonoid and phenolic concentrations, plant material (120 mg) was homogenized in 80% ethanol. After centrifugation at 4°C for 20 minutes, the phenolic content was determined using the Folin–Ciocalteu reagent, with gallic acid as the standard reference. Flavonoid content was measured using a modified colorimetric method with aluminum chloride, with quercetin serving as the calibration standard. For evaluating phenylalanine ammonia-lyase (PAL) activity, 0.25 g of frozen plant material was homogenized in a Tris-HCl buffer (100 mM, pH 8.8) containing L-phenylalanine (40 mM). The enzyme activity was assessed by measuring the absorbance of transcinnamic acid produced at 290 nm, following the protocol by AbdElgawad et al. (2014). Water was used as a negative control in place of the plant samples to ensure accuracy in the enzyme assay.





2.6 Biological activities



2.6.1 Antioxidant activities

Several tests were used to assess the plants’ antioxidant potential (Almuhayawi et al., 2020). About 0.1 g was extracted in 80% ethanol to determine the ferric reducing antioxidant power (FRAP). Centrifugation was then carried out (14,000 rpm, 20 min). Next, 0.1 mL of the extract was combined with 20 mM FeCl3 in 0.25 M acetate buffer, which is known as the FRAP reagent. 2.4 mM potassium persulphate was combined with 2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) to determine its concentration. The absorbance was measured at 734 nm, and 0.1 mL of the extract and 0.25 mL of the DPPH reagent were used to detect the DPPH activity. At 517 nm, the absorption was found.




2.6.2 Antimicrobial activity



2.6.2.1 Assessment of antibacterial activity in plants

The antibacterial activity of the plant extracts was evaluated using the standard dilution method as outlined by Almuhayawi et al. (2021). Initially, 100 mg of the plant material was extracted in dimethyl sulfoxide (DMSO). The resulting extract was then used to prepare the test medium, which was supplemented with 0.1 mL of a 1:10,000 dilution of a liquid culture of the reference strain Staphylococcus aureus ATCC 6538 P. This dilution contained approximately 104–105 bacterial cells per mL. The inoculated media was incubated at 37°C for 18 hours.

To determine the antimicrobial efficacy of the plant extracts, the Minimum Inhibitory Concentration (MIC) was measured. The extracts were tested against a range of bacterial and fungal species, including Candida glabrata (ATCC 90030), Pseudomonas aeruginosa (ATCC 10145), Enterobacter aerogenes (ATCC 13048), Proteus vulgaris (ATCC 8427), Staphylococcus saprophyticus (ATCC 19701), Escherichia coli (ATCC 29998), Salmonella typhimurium (ATCC 14028), Staphylococcus epidermidis (ATCC 12228), Candida albicans (ATCC 90028), Streptococcus salivarius (ATCC 25975), Aspergillus flavus (ATCC 9170), Enterococcus faecalis (ATCC 10541), and Serratia marcescens (ATCC 99006).

For comparative purposes, ciprofloxacin (25 mg/mL) was used as a positive control, while 100% DMSO served as a negative control. This setup allowed for assessment of the antibacterial effectiveness of the plant extracts against various pathogens.





2.6.3 Antidiabetic activity



2.6.3.1 Inhibition of α-amylase assay

The α-amylase inhibitory activity was assessed following a modified method from Dada et al. (2017). To begin, 500 µL of the plant extract was mixed with 500 µL of 0.02 M sodium phosphate buffer (pH 6.9, containing 0.006 M NaCl) and 1.0 U/mL of α-amylase solution. This mixture was incubated at 25°C for 10 minutes. Following pre-incubation, 500 µL of 1% starch solution, also prepared in 0.02 M sodium phosphate buffer (pH 6.9 with 0.006 M NaCl), was added to the mixture. The reaction was allowed to proceed at 25°C for another 10 minutes. To halt the reaction, 1.0 mL of DNS (dinitrosalicylic acid) color reagent was added. The test tubes were then heated in boiling water for five minutes, cooled to room temperature, and subsequently diluted with 10 mL of distilled water. The absorbance of the final solution was measured at 540 nm. The inhibitory activity of the plant extract against α-amylase was determined by comparing its effect to that of a control.




2.6.3.2 α-glucosidase inhibition assay

For the α-glucosidase inhibition test, a modified version of the protocol described by Dada et al. (2017) was used. Plant extract (500 µL) was diluted with 100 µL of 0.1 M potassium phosphate buffer (pH 6.9) containing 1.0 U/mL of α-glucosidase solution and incubated at 25°C for 10 minutes in a 96-well plate. After the pre-incubation, 50 µL of a 5 mM solution of p-nitrophenyl-α-D-glucopyranoside in 0.1 M potassium phosphate buffer (pH 6.9) was added to each well. The reaction was conducted at 25°C for five minutes. The inhibition % of α-glucosidase activity was calculated for the plant extract and compared to the control.




2.6.3.3 Estimation of glycemic index

The glycemic index of the plant extract was determined following the procedure outlined by Brouns et al. (2005). For this analysis, the samples were extracted using 80% ethanol, and the glycemic index was evaluated according to the specified method.






2.7 Statistical analyses

The SPSS program was employed to determine the statistical analyses (SPSS Inc., Chicago, IL, USA). A T-test was performed to determine the differences between means. Each experiment was conducted in triplicate (n = 3). All parameters were subjected to cluster analysis using the MultiExperiment Viewer (MeV) TM4 software (Dana-Farber Cancer Institute, Boston, MA, USA), based on Pearson’s distance metric.





3 Results



3.1 Bacterial identification and its characterizations

The isolate was identified using biochemical and molecular methods, while 16S rDNA sequencing analysis revealed that strain JW0823 is 96.13% linked to the genus Jeotgalicoccus. The biochemical analysis demonstrated that the bacterial isolate JW0823 decomposed tyrosine and produced acid from arabinose, D-mannitol, and sucrose. The isolate has a broad growth range. It showed growth at pH levels ranging from 5 to 9, with an optimal pH of 8. The isolate could grow at 0% and 15% NaCl, with an optimal NaCl of 7-8%, and no growth above 20% NaCl. Furthermore, the isolate exhibited a growth temperature range of 15-55°C, with an optimal temperature of 28-40°C. The isolated JW0823 can produce IAA (Table 1). The phylogenetic tree (Figure 1) showed that strain MD36 is closely related to JW0823.


Table 1 | Biochemical activities of JW0823 bacteria.






Figure 1 | Phylogenetic tree based on 16S rRNA gene sequences, constructed by the Maximum of likelihood method using MegaX application, showing the position of strain JW0823 among closest species available at GenBank.






3.2 Bacterial colonization improved the biomass and photosynthesis of E. sativa

The effect of JW0823 colonization on the biomass, photosynthesis and pigment contents of E. sativa was studied (Figure 2). JW0823 -inoculated plants showed a significant increase in biomass production by about 78.2% in comparison with untreated control plants (p<0.05). Generally, plant growth is closely related to the efficiency of photosynthesis, so the pigment contents were estimated. It was noticeable that chlorophyll a, chlorophyll b, and chlorophyll a+b contents were enhanced in the treated plants by about 67.5%, 15%, and 47.4% respectively, and these elevations were significant (p < 0.05) in the case of chlorophyll a and chlorophyll a+b only. In addition, β-carotene and lycopene pigments exhibited significant increases of about 83.3% and 150% respectively (p < 0.01).




Figure 2 | Effect of JW0823 bacteria on the biomass and pigment contents of Eruca sativa represented by (A) the biomass (B) chlorophyll a, (C) chlorophyll b, (D) chlorophyll a+b, (E) Beta carotene, and (F) lycopene. Data are represented by means ± standard errors. Bars flagged with 1, or 2 asterisks indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05, or p<0.01 respectively.






3.2 JW0823 induced the proximate composition, minerals, and vitamins of E. sativa

To assess the effect of mycorrhizal colonization on the proximate composition of E. sativa, we determined total protein, fat, crude fiber, ash, and carbohydrate contents in treated versus untreated plants (Figure 3). The proximate composition of the JW0823-treated plants showed significantly higher contents of total protein, crude fiber, ash, and carbohydrate by about 59.9%, 52.7%, 37.9% and 48%, respectively, compared to control samples (p < 0.05). On the other hand, moisture and fat percentages showed a slight decline in treated plants compared to untreated ones. Concerning mineral contents (Table 2), bacterial-treated plants displayed significantly higher contents (p < 0.05) in all measured minerals except Cu, Fe, and Mn (Table 3). The highest increases were recorded for K and Na by 119.1% and 100%, respectively. Both Zn and Mn contents exhibited an increase of 50% in treated plants compared to the untreated plants. About a 59.8% increase in Mg and 45.9% in phosphorus content was observed, whereas only a 5% increase in Fe content was recorded by the inoculated plants.




Figure 3 | Effect of JW0823 bacteria on the proximate composition of Eruca sativa represented by (A) moisture, (B) total proteins, (C) total lipids, (D) crude fibers, (E) carbohydrates and (F) ash. Data are represented by means ± standard errors. Bars flagged with an asterisk indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05.




Table 2 | Effect of JW0823 bacteria on the levels of minerals in Eruca sativa.




Table 3 | Effect of JW0823 bacteria on amino acid contents in Eruca sativa.



Regarding the impact of JW0823 on vitamin contents, the treated plants exhibited significantly higher levels of each examined vitamin (Figure 4A). Inoculated plants exhibited significantly higher levels of vitamin C, vitamin E, D-mannose, and L-galactose than untreated plants, with increases of approximately 23.9%, 46.11%, 161.5%, and 140.7%, respectively (p < 0.05).




Figure 4 | Effect of JW0823 bacteria on the levels of (A) vitamins and (B) organic acids in Eruca sativa. Data are represented by means ± standard errors. Bars flagged with 1, 2, or 3 asterisks indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05, p<0.01, or p<0.001, respectively.






3.3 JW0823 enhanced the functional food potentiality of E. sativa

To investigate the impact of JW0823 treatment on the functional food potential, nutritional quality, and bioactive metabolites of E. sativa, we measured the levels of amino acids (Table 3), fatty acids (Table 4), organic acids (Figure 4B), and phenolics (Table 5) in treated and untreated plants. Nine out of twenty-two examined amino acids in the treated plants were significantly increased when inoculated with JW0823 compared to control ones (p<0.05). However, some amino acids decreased by JW0823 treatment, such as aspartic acid, glycine, alanine, histidine, valine, and threonine. Isoleucine, cystathionine γ-synthase (CGS), and methionine showed the highest increments of 270.2%, 200%, and 153.5%, respectively (p<0.05).


Table 4 | Effect of JW0823 bacteria on fatty acids (%) in Eruca sativa.




Table 5 | Effect of JW0823 bacteria on the concentrations of phenolics in Eruca sativa.



The five estimated organic acids recorded increases in the treated plants, with malic acid exhibiting the highest increase of 287.2% and oxalic acid the lowest increase of 2.3% (Figure 4B). Similarly, five out of sixteen detected fatty acids in the target plant were significantly increased when inoculated with JW0823 compared to control plants, whereas some fatty acids showed a decrease. Pentacosanoic acid (C24:0), octadecanoic acid (C18:1), and octadecanoic acid (C18:0) recorded increases in treated plants by 87.5%, 54.5%, and 43.4%, respectively (p<0.05).

Additionally, all detected phenolic metabolites exhibited significant increases in JW0823-treated plants except protocatechuic acid, which showed a decrease of 14.8%. Genistein and luteolin recorded the highest increases by 50% and 121.7%, respectively, followed by fisetin and o-hydroxydaidzein, which exhibited an increase of 50% each in the inoculated plants compared to untreated plants (p<0.05).




3.4 JW0823 boosted the biological activities of E. sativa



3.4.1 Antioxidant activity

To evaluate how JW0823 treatment affects the overall antioxidant activity of E. sativa, we analyzed the levels of total phenolics, total flavonoids, FRAP, ABTS, and DPPH in both treated and untreated plants (Figure 5). The plants treated with JW0823 exhibited significant increases in antioxidant activity, with total phenolics, total flavonoids, FRAP, ABTS, and DPPH levels increasing by approximately 48.2%, 56.9%, 46.5%, 13.2%, and 50.5%, respectively, compared to the untreated controls (p<0.05). These improvements in antioxidant activity were associated with higher phenolic content increased by JW0823 inoculation.




Figure 5 | Effect of JW0823 bacteria on the total antioxidant activities of Eruca sativa: (A) total phenolics, (B) total flavonoids, (C) FRAP, (D) ABTS and (E) DPPH. Data are represented by means ± standard errors. Bars flagged with an asterisk indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05.






3.4.2 Antimicrobial activity

Furthermore, both inoculated and non-inoculated plant extracts demonstrated antimicrobial activity against various bacterial and fungal species. The most pronounced effects were observed in extracts from inoculated plants, particularly against Aspergillus flavus, Enterobacter aerogenes, and Pseudomonas aeruginosa, as indicated by the inhibition zone diameters (Figure 6). The results showed that JW0823 inoculation led to significant enhancements in antimicrobial activity of E. sativa against Staphylococcus saprophyticus, Staphylococcus epidermidis, Streptococcus salivarius, Salmonella typhimurium, Enterobacter aerogenes, Serratia marcescens, and Aspergillus flavus, with increases of approximately 27.1%, 19.9%, 18.1%, 13.5%, 31.7%, 165%, and 37.3%, respectively (p<0.05) (Figure 6).




Figure 6 | Effect of JW0823 bacteria on the antimicrobial activities of Eruca sativa. Data are represented by means ± standard errors. Bars flagged with 1 or 2 asterisks indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05 or p<0.01, respectively.






3.4.3 Antidiabetic activity

Additionally, plants treated with the bacteria showed notable increases in antidiabetic activities, with α-amylase inhibition and α-glucosidase inhibition rising by approximately 24.7% and 49.4%, respectively (p<0.05). In contrast, there was a modest reduction in the glycemic index, decreasing by about 6.9% (Figure 7).




Figure 7 | Effect of JW0823 bacteria on the antidiabetic activities of Eruca sativa sprouts represented by (A) α- amylase inhibition activity (%), (B) α- glucosidase inhibition activity (%), and (C) glycemic index %. Data are represented by means ± standard errors. Bars flagged with an asterisk indicate significant differences between JW0823 bacteria-treated and control groups at p<0.05.








4 Discussion



4.1 JW0823 could improve growth and tissue chemical composition of E. sativa

PGPB can colonize plant roots, improving plant growth (Beneduzi
et al., 2012). Our research findings revealed that E. sativa plants
inoculated with JW0823 showed improved growth compared to non-inoculated plants. In line with our results, previous studies highlighting positive effect of PGPB (e.g., J eotgalicoccus sp.) such as enhanced yield and nutrient content (Saleh et al., 2010; Chavoshi et al., 2018; Misra et al., 2019). J eotgalicoccus sp. can stimulate plant growth and yield (Gong et al., 2016; Misra et al., 2019; Singh et al., 2019; Li et al., 2022). In this context, J. huakuii NBRI 13E has been used in bioinoculant formulations to boost crop yield and quality (Misra et al., 2019). This positive effect of PGBP can be explain by their ability to induce the production of growth hormones (e.g., IAA) (Egamberdiyeva and Höflich, 2004), solubilization of phosphate and mineralization of nutrients (Jeon et al., 2003; Glick, 1995). In this regard, J. halotolerans was capable of producing growth-promoting hormones auxin (Mukasheva et al., 2016). IAA is well-documented for their role in enhancing plant growth by promoting cell elongation and division (Mishra et al., 2022).

The growth improvement can also be explained by the bacteria’s ability to enhance nutrient uptake. The potential of bioinoculants as valuable tools in sustainable agriculture, offering benefits through enhanced nutrient uptake. The application of JW0823 enhanced nutritional accumulation in E. sativa. Previous studies highlight the role of PGBP in enriching plants with macro- and micronutrients (Yaghoubi Khanghahi et al., 2018; Meena et al., 2017; Ipek, 2019; Kumar et al., 2022; Helaly, 2017) and increasing soil mineralization (Shen et al., 2004; Esitken et al., 2010). For instance, Jeotgalicoccus sp. BAK1 exhibits both growth-promoting and phosphorus-solubilizing properties (Mukasheva et al., 2016). Similar to J. halotolerans, other PGBP such as Pseudomonas and Bacilli are effective microorganisms in the solubilization of phosphate. In this context, Goswami et al. (2016) demonstrated increases in organic acid secretion, including mineral solubilization in soil (Tahjib-Ul-Arif et al., 2021).

Pervious research also demonstrated that PGBP can stabilize CO2 levels, regulate stomatal conductance, and boost photosystem II efficiency (Esitken et al., 2010; Orhan et al., 2006; Chen et al., 2016). For example, J. huakuii improved maize growth through increasing chlorophyll content (Misra et al., 2019). Applying JW0823 boosts photosynthesis and soluble sugar production, which is essential for synthesizing primary (essential oils, unsaturated fatty acids) and secondary metabolites (polyphenolics) in plants (Misra et al., 2019). Our results also should that inoculated plants had higher protein, carbohydrate, and lipid contents compared to non-inoculated plants. In line with our results, PGBP boosted carbohydrate metabolism in E. sativa (Wang et al., 2022b; Ilyas et al., 2020, and Upadhyay and Singh, 2015) and protein and carbohydrate content in bean seeds (Stefan et al., 2013). It is noteworthy that carbohydrates not only support photosystem II but also serve as energy sources for maintain growth (Sami et al., 2016). The observed increase in protein and amino acid levels may be attributed to the ability of PGPB to enhance the uptake of NH4 and NO3, which are then converted into free amino acids (Johansen et al., 1996; Kumar et al., 2015).

PGPB-induced production of bioactive metabolites contributes to the synthesis of secondary plant metabolites (Zhou et al., 2021). For example, high phenolic and flavonoid contents have been reported in buckwheat plants inoculated with PGBP (Briatia et al., 2018). J. huakuii has also been shown to boost maize growth by producing bioactive compounds such as antioxidant phenolics and proline (Misra et al., 2019). When compared to the control, Jeotgalicoccus sp. increased the phenol and flavonoid content in cluster beans (Upadhyay and Singh, 2015), suggesting improved antioxidant power (Sarkar et al., 2021). On the other hand, phenolic compounds accelerate the symbiotic relationship between plants and microorganisms (Mandal et al., 2010). They can also facilitate oxygenation reactions, and thus, beneficial bacteria may help inhibit oxidizing enzyme activity (Notununu et al., 2022).




4.2 JW0823 improved the biological activity of E. sativa

The higher bioactive metabolite content in E. sativa boosts its biological value, as it is rich in essential amino acids and polyunsaturated fatty acids, which are crucial nutrients (De Carvalho and Caramujo, 2018). JW0823 has been observed to significantly enhance the biological activity of plants and facilitate the exchange of nutrients, leading to the accumulation of bioactive metabolites. For instance, increased antioxidant content in E. sativa was accompanied by substantial enhancements in antioxidant activities (FRAP). E. sativa been reported to exhibit high total antioxidant capacities, as well as significant scavenging activity against ROS (Sarikurkcu et al., 2017). In agreement, plants exhibited high antioxidant capacities when treated with PGPB (Chen et al., 2014). Khoobchandani et al. (2010) also investigated the antimicrobial potential of various solvent extracts of E. sativa and seed oil against gram-positive (Staphylococcus aureus ATCC 6538 and B. subtilis MTCC 441) and gram-negative (E. coli ATCC 14169, P. aeruginosa MTCC 424, and S. fexneri MTCC 1457) bacteria that are resistant to antibiotics. They have also been connected to antifungal (Manici et al., 1997) and antinematode (Lazzeri et al., 1993) properties (Warton et al., 2001). However, the research on their antiseptic qualities is limited (Abdou et al., 1972; Hashem and Saleh, 1999). Overall, anti-diabetic, antibacterial and antioxidant properties of E. sativa, coupled with its nutritional value, make it a beneficial component of a balanced diet aimed at promoting wellness and preventing chronic diseases.





5 Conclusions

Inoculation with JW0823 notably boosted the growth and nutritional quality of E. sativa, enhancing its proximate composition, vitamin content, and bioactive metabolites. The treated plants also exhibited increased antioxidant, antidiabetic, and antimicrobial activities. Building on these promising results, future research should explore the broader application of JW0823 in various crop species and agricultural settings to confirm its versatility and efficacy. Further studies could also investigate the long-term effects of JW0823 on plant health and soil sustainability. Additionally, understanding the underlying mechanisms by which JW0823 enhances metabolite production and stress resilience could lead to optimized bioinoculant formulations and targeted application strategies. assessing the practical benefits and scalability of this approach in sustainable agriculture.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Author contributions

EA, HA, AH: Conceptualization, Methodology, Investigation, Formal analysis, Supervision, Writing – original draft, Writing – review & editing. AA, SK, NB: Investigation, Data curation, Software, Methodology, Resources, Writing – review & editing. AA, SK: Data curation, Formal analysis, Project administration, Visualization, Validation and Supervision, Writing – review & editing. AR, NB, MA, MM: Conceptualization, Data curation, Formal analysis, Methodology, Investigation, Funding acquisition, Validation, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

Princess Nourah bint Abdulrahman University Researchers Supporting Project number (PNURSP2024R357), Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

 AbdElgawad, H., Okla, M. K., Al-Amri, S. S., Al-Hashimi, A., Al-Qahtani, W. H., Al Qahtani, S., et al. (2021a). Effect of elevated CO2 on biomolecules' accumulation in caraway (Carum carvi L.) plants at different developmental stages. Plants 10, 2434. doi: 10.3390/plants10112434

 AbdElgawad, H., Peshev, D., Zinta, G., Van den Ende, W., Janssens, I. A., and Asard, H. (2014). Climate extreme effects on the chemical composition of temperate grassland species under ambient and elevated CO2: A comparison of fructan and non-fructan accumulators. PLoS One 9, e92044. doi: 10.1371/journal.pone.0092044

 AbdElgawad, H., Zinta, G., Abuelsoud, W., Hassan, Y. M., Alkhalifah, D. H. M., Hozzein, W. N., et al. (2021b). An actinomycete strain of Nocardiopsis lucentensis reduces arsenic toxicity in barley and maise. J. Hazardous Materials 471, 126055. doi: 10.1016/j.jhazmat.2021.126055

 Abdou, I. A., Abou-Zeid, A. A., El-Sherbeeny, M. R., and Abou-El-Gheat, Z. H. (1972). Antimicrobial activities of Allium sativum, Allium cepa, Raphanus sativus, Capsicum frutescens, Eruca sativa, Allium kurrat on bacteria. Qualitas Plantarum Materiae Vegetabiles 22, 29–35. doi: 10.1007/BF01099735

 Ahamed, J. M., Dahms, H., and Huang, Y. L. (2024). Heavy metal tolerance, and metal biosorption by exopolysaccharides produced by bacterial strains isolated from marine hydrothermal vents. Chemosphere 351, 141170. doi: 10.1016/j.chemosphere.2024.141170

 Almuhayawi, M. S., Al Jaouni, S. K., Almuhayawi, S. M., Selim, S., and Abdel-Mawgoud, M. (2021). Elevated CO2 improves the nutritive value, antibacterial, anti-inflammatory, antioxidant and hypocholestecolemic activities of lemongrass sprouts. Food Chem. 357, 129730. doi: 10.1016/j.foodchem.2021.129730

 Almuhayawi, M. S., Hassan, A. H. A., Abdel-Mawgoud, M., Khamis, G., Selim, S., Al Jaouni, S. K., et al. (2020). Laser light as a promising approach to improve the nutritional value, antioxidant capacity and anti-inflammatory activity of flavonoid-rich buckwheat sprouts. Food Chem. 345, 128788. doi: 10.1016/j.foodchem.2020.128788

 Altschul, S. F., Madden, T. L., Schäffer, A. A., Zhang, J., Zhang, Z., Miller, W., et al. (1997). Gapped BLAST and PSI-BLAST: a new generation of protein database search programs. Nucleic Acids Res. 25, 3389. doi: 10.1093/nar/25.17.3389

 Alves, A. R. A., Yin, Q., Oliveira, R. S., Silva, E. F., and Novo, L. A. B. (2022). ) Plant growth-promoting bacteria in phytoremediation of metal-polluted soils: Current knowledge and future directions. Sci. Total Environ. 838, 156435. doi: 10.1016/j.scitotenv.2022.156435

 Bakhshandeh, E., Pirdashti, H., Lendeh, K. S., Gilani, Z., Khanghahi, M. Y., and Crecchio, C. (2020). Effects of plant growth promoting microorganisms inoculums on mineral nutrition, growth and productivity of rice (Oryza sativa L.). J. Plant Nutr. 43, 1643–1660. doi: 10.1080/01904167.2020.1739297

 Beneduzi, A., Ambrosini, A., and Passaglia, L. M. P. (2012). Plant growth-promoting bacteria (PGPB): their potential as antagonists and biocontrol agents. Genet. Mol. Biol. 35, 1044–1051. doi: 10.1590/S1415-47572012000600020

 Briatia, X., Azad, M. O. K., Khanongnuch, C., Woo, S. H., and Park, C. H. (2018). Effect of endophytic bacterium inoculation on total polyphenol and flavonoid contents of tartary buckwheat sprouts. Korean J. Crop Sci. 63 (1), 57–63.

 Brock, T. D. (1983). Membrane Filtration: A User’s Guide and Reference Manual (Madison Wisconsin: science and technology).

 Brouns, F., Bjorck, I., Frayn, K. N., Gibbs, A. L., Lang, V., Slama, G., et al. (2005). Glycemic index methodology. Nutr. Res. Rev. 18, 145–171. doi: 10.1079/NRR2005100

 Chavoshi, S., Nourmohamadi, G., Madani, H., Heidari Sharif Abad, H., and Alavi Fazel, M. (2018). The effect of biofertilizers on physiological traits and biomass accumulation of red beans (Phaseolus vulgaris cv. Goli) under water stress. Iran. J. Plant Physiol. 8, 2555–2562.

 Chen, L., Liu, Y., Wu, G., Veronican Njeri, K., Shen, Q., Zhang, N., et al. (2016). Induced maize salt tolerance by rhizosphere inoculation of Bacillus amyloliquefaciens SQR9. Physiol. Plant 158, 34–44. doi: 10.1111/ppl.12441

 Chen, L., Xu, M., Zheng, Y., Men, Y., Sheng, J., and Shen, L. (2014). Growth promotion and induction of antioxidant system of tomato seedlings (Solanum lycopersicum L.) by endophyte TPs-04 under low night temperature. Scientia Hortic. 176, 143–150. doi: 10.1016/j.scienta.2014.06.032

 Crecchio, C. (2020). Genetic diversity of soil bacteria. Diversity 12, 414. doi: 10.3390/d12110414

 Dada, F. A., Oyeleye, S. I., Ogunsuyi, O. B., Olasehinde, T. A., Adefegha, S. A., Oboh, G., et al. (2016). Phenolic constituents and modulatory effects of Raffia palm leaf (Raphia hookeri) extract on carbohydrate hydrolyzing enzymes linked to type-2 diabetes. J. Traditional Complementary Med., 1–7.

 De Carvalho, C. C., and Caramujo, M. J. (2018). The various roles of fatty acids. Molecules 23, 2583. doi: 10.3390/molecules23102583

 Egamberdiyeva, D., and Höflich, G. (2004). Effect of plant growth- promoting bacteria on growth and nutrient uptake of cotton and pea in a semi-arid region of Uzbekistan. J. Arid Environ. 56, 293–301. doi: 10.1016/S0140-1963(03)00050-8

 Esitken, A., Yildiz, H. E., Ercisli, S., Donmez, M. F., Turan, M., and Gunes, A. (2010). Effects of plant growth promoting bacteria (PGPB) on yield, growth and nutrient contents of organically grown strawberry. Scientia Hortic. 124, 62–66. doi: 10.1016/j.scienta.2009.12.012

 Farfan-Vignolo, E. R., and Asard, H. (2012). Effect of elevated CO2 and temperature on the oxidative stress response to drought in Lolium perenne L. and Medicago sativa L. Plant Physiol. Biochem. 59, 55–62. doi: 10.1016/j.plaphy.2012.06.014

 Ghorbel, S., Aldilami, M., Zouari-Mechichi, H., Mechichi, T., and AlSherif, E. A. (2023). Isolation and characterization of a plant growth-promoting rhizobacterium strain MD36 that promotes barley seedlings and growth under heavy metals stress. 3 Biotech. 13, 145. doi: 10.1007/s13205-023-03566-3

 Glick, B. R. (1995). The enhancement of plant growth by free-living bacteria. Can. J. Microbiol. 41, 109–117. doi: 10.1139/m95-015

 Gong, Z. L., Ai, M. J., Sun, H. M., Liu, H. Y., Yu, L. Y., Zhang, Y. Q., et al (2016). Jatrophihabitans huperziae sp. nov., an endophytic actinobacterium isolated from surface-sterilized tissue of the medicinal plant Huperzia serrata (Thunb.). Internatl. J. Systematic Evolutionary Microbiol. 66, 3972–3977.

 Goswami, D., Dhandhukia, P., and Thakker, J. N. (2016). “Expanding the horizons for the use of Paenibacillus species as PGPR for sustainable agriculture,” in Bacilli and Agrobiotechnology. Eds.  M. T. Islam, M. Rahman, P. Pandey, C. K. Jha, and A. Aeron (Springer, Cham), 281–307.

 Hamad, I., AbdElgawad, H., Al Jaouni, S., Zinta, G., Asard, H., Hassan, S., et al. (2015). Metabolic analysis of various date palm fruit (Phoenix dactylifera L.) cultivars from Saudi Arabia to assess their nutritional quality. Molecules 20 (8), 13620–13641.

 Harris, R. F., Karlen, D. L., and Mulla, D. J. (1997). A conceptual framework for assessment and management of soil quality and health. Methods Assessing Soil Quality. 49, 61–82.

 Hashem, F. A., and Saleh, M. M. (1999). Antimicrobial components of some Cruciferae plants (Diplotaxis harra Forsk. and Erucaria microcarpa Boiss.). Phytotherapy Res. 13, 329–332. doi: 10.1002/(ISSN)1099-1573

 Helaly, A. A. (2017). Enhancement growth, yield production and yield quality of kale plants by using plant growth promoting bacteria. Nat. Sci. 15, 120–130.

 Ilyas, N., Mazhar, R., Yasmin, H., Khan, W., Iqbal, S., Enshasy, H. E., et al. (2020). Rhizobacteria isolated from saline soil induce systemic tolerance in wheat (Triticum aestivum L.) against salinity stress. Agronomy 10, 989. doi: 10.3390/agronomy10070989

 Ipek, M. (2019). Effect of rhizobacteria treatments on nutrient content and organic and amino acid composition in raspberry plants. Turk. J. Agr. For. 43, 88–95. doi: 10.3906/tar-1804-16

 James, A., Rene, E. R., Bilyaminu, A. M., and Chellam, P. V. (2024). Advances in amelioration of air pollution using plants and associated microbes: An outlook on phytoremediation and other plant-based technologies. Chemosphere 358, 142182. doi: 10.1016/j.chemosphere.2024.142182

 Jeon, J. S., Lee, S. S., Kim, H. Y., Ahn, T. S., and Song, H. G. (2003). Plant growth promotion in soil by some inoculated microorganisms. J. Microbiol. 41, 271–276.

 Johansen, A., Finlay, R. D., and Olsson, P. A. (1996). Nitrogen metabolism of external hyphae of the arbuscular mycorrhizal fungus Glornus intraradices. New Phytol. 133 (4), 705–712.

 Khan, N. (2021). Application of plant growth promoting microorganism and plant growth regulators in agricultural production and research. Agronomy 11, 524. doi: 10.3390/agronomy11030524

 Khoobchandani, M., Ojeswi, B. K., Ganesh, N., Srivastava, M. M., Gabbanini, S., Matera, R., et al. (2010). Antimicrobial properties and analytical profile of traditional Eruca sativa seed oil: comparison with various aerial and root plant extracts. Food Chem. 120, 217–224. doi: 10.1016/j.foodchem.2009.10.011

 Kumar, A., Rathi, B., and Kumar, S. (2015). Effects of PGPR, sulphur, and some micronutrients on protein, carbohydrate and fat contents in lentil (Lens culinaris). Legume Res. 38, 707–709. doi: 10.18805/lr.v38i5.5955

 Kumar, P., Singh, S., Pranaw, K., Kumar, S., Singh, B., and Poria, V. (2022). Bioinoculants as mitigators of multiple stresses: A ray of hope for agriculture in the darkness of climate change. Heliyon 8, e11269. doi: 10.1016/j.heliyon.2022.e11269

 Kumari, S., Amit,, and Jamwal, R. (2022). Isolation and identification of Jeotgalicoccus sp. CR2 and evaluation of its resistance towards heavy metals. Cleaner Waste Syst. 3, 100062. doi: 10.1016/j.clwas.2022.100062

 Kumpaisal, R., Takashi, H., and Yamada, Y. (1987). Purification and characterization of dihydrodipicolinate synthase from wheat suspension cultures. Plant Physiol. 85 (1), 145–151.

 Lazzeri, L., Tacconi, R., and Palmieri, S. (1993). In vitro activity of some glucosinolates and their reaction products toward a population of the nematode Heterodera schachtii. J. Agric. Food Chem. 41, 825–829. doi: 10.1021/jf00029a028

 Lee, S. M. (2002). Apparent digestibility coefficients of various feed ingredients for juvenile and grower rockfish (Sebastes schlegeli). Aquaculture. 207 (1-2), 79–95.

 Li, Y., Pan, J., Zhang, R., Wang, J., Tian, D., and Niu, S. (2022). Environmental factors, bacterial interactions and plant traits jointly regulate epiphytic bacterial community composition of two alpine grassland species. Sci. Total Environment. 836, 155665.

 Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods Enzymology 148, 350–382. doi: 10.1016/0076-6879(87)48036-1

 Liu, Z. X., Chen, J., Tang, S. K., Zhang, Y. Q., He, J. W., Chen, Q. H., et al. (2011). Jeotgalicoccus nanhaiensis sp. nov., isolated from intertidal sediment, and emended description of the genus Jeotgalicoccus. Int. J. Systematic Evolutionary Microbiol. 61, 2029–2034. doi: 10.1099/ijs.0.022871-0

 Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J. (1951). Protein measurement with the Folin phenol reagent. J. Biol. Chem. 193 (1), 265–275.

 Manaia, C. M., and da Costa, M. S. (1991). Characterization of halotolerant Thermus isolates from shallow marine hot springs on S. Miguel, Azores. J. Gen. Microbiol. 137, 2643. doi: 10.1099/00221287-137-11-2643

 Mandal, S. M., Chakraborty, D., and Dey, S. (2010). Phenolic acids act as signaling molecules in plant-microbe symbioses. Plant Signaling Behavior. 5 (4), 359–368.

 Manici, L. M., Lazzeri, L., and Palmieri, S. (1997). In vitro fungitoxic activity of some glucosinolates and their enzyme-derived products toward plant pathogenic fungi. J. Agric. Food Chem. 45 (7), 2768–2773.

 Manoj, S. R., Karthik, C., Kadirvelu, K., Arulselvi, P. I., Shanmugasundaram, T., Bruno, B., et al. (2020). Understanding the molecular mechanisms for the enhanced phytoremediation of heavy metals through plant growth promoting rhizobacteria: a review. J. Environ. Manage. 254, 109779. doi: 10.1016/j.jenvman.2019.109779

 Meena, V. S., Meena, S. K., Verma, J. P., Kumar, A., Aeron, A., Mishra, P. K., et al. (2017). Plant beneficial rhizospheric microorganism (PBRM) strategies to improve nutrients use efficiency: a review. Ecol. Eng. 107, 8–32. doi: 10.1016/j.ecoleng.2017.06.058

 Mishra, B. S., Sharma, M., and Laxmi, A. (2022). Role of sugar and auxin crosstalk in plant growth and development. Physiologia Plantarum 174 (1), e13546. doi: 10.1111/ppl.13546

 Misra, S., Dixit, V. K., Mishra, S. K., and Chauhan, P. S. (2019). Demonstrating the potential of abiotic stress-tolerant Jeotgalicoccus huakuii NBRI 13E for plant growth promotion and salt stress amelioration. Ann. Microbiol. 69, 419–434. doi: 10.1007/s13213-018-1428-x

 Mukasheva, T., Berzhanova, R., Ignatova, L., Omirbekova, A., Brazhnikova, Y., Sydykbekova, R., et al. (2016). Bacterial endophytes of Trans-Ili Alatau region’s plants as promising components of a microbial preparation for agricultural use. Acta Biochim. Pol. 63, 321–328. doi: 10.18388/abp.2015_1157

 Notununu, I., Moleleki, L., Roopnarain, A., and Adeleke, R. (2022). Effects of plant growth promoting rhizobacteria on the molecular responses of maise under drought and heat stresses: a review. Pedosphere 32, 90–106. doi: 10.1016/S1002-0160(21)60051-6

 Orhan, E., Esitken, A., Ercisli, S., Turan, M., and Sahin, F. (2006). Effects of plant growth promoting rhizobacteria (PGPR) on yield, growth and nutrient contents in organically growing raspberry. Sci. Hortic. 111, 38–43. doi: 10.1016/j.scienta.2006.09.002

 Patten, C. L., and Glick, B. R. (2002). Role of Pseudomonas putida indoleacetic acid in development of the host plant root system. Appl. Environ. Microbiol. 68 (8), 3795–3801.

 Paz-Ferreiro, J., and Fu., S. (2016). Biological indices for soil quality evaluation: perspectives and limitations. L Degrad Dev. 27, 14–25.

 Pii, Y., Borruso, L., Brusetti, L., Crecchio, C., Cesco, S., and Mimmo, T. (2016). The interaction between iron nutrition, plant species and soil type shapes the rhizosphere microbiome. Plant Physiol. Biochem. 99, 39–48. doi: 10.1016/j.plaphy.2015.12.002

 Ravanel, S., Gakière, B., Job, D., and Douce, R. (1998). Cystathionine γ-synthase from Arabidopsis thaliana: Purification and biochemical characterization of the recombinant enzyme overexpressed in Escherichia coli. Biochem. J. 331, 639–648. doi: 10.1042/bj3310639

 Saberi Riseh, R., Ebrahimi-Zarandi, M., Gholizadeh Vazvani, M., and Skorik, Y. A. (2021). Reducing drought stress in plants by encapsulating plant growth-promoting bacteria with polysaccharides. Int. J. Mol. Sci. 22, 12979. doi: 10.3390/ijms222312979

 Saleh, S. A., Galala, A. A., Ezo, M. I., and Ghoname, A. A. (2010). An attempt for reducing mineral fertilization in lettuce production by using bio-organic farming system. Acta Hortic. 852, 311–318. doi: 10.17660/ActaHortic.2010.852.39

 Sami, F., Yusuf, M., Faizan, M., Faraz, A., and Hayat, S. (2016). Role of sugars under abiotic stress. Plant Physiol. Biochem. 109, 54–61. doi: 10.1016/j.plaphy.2016.09.005

 Sarikurkcu, C., Targan, S., Ozer, M. S., and Tepe, B. (2017). Fatty acid composition, enzyme inhibitory, and antioxidant activities of the ethanol extracts of selected wild edible plants consumed as vegetables in the Aegean region of Turkey. Int. J. Food Properties 20, 560–572. doi: 10.1080/10942912.2016.1168837

 Sarkar, J., Chakraborty, U., and Chakraborty, B. (2021). High-temperature resilience in Bacillus safensis primed wheat plants: a study of dynamic response associated with modulation of antioxidant machinery, differential expression of HSPs and osmolyte biosynthesis. Environ. Exp. Bot. 182, 104315. doi: 10.1016/j.envexpbot.2020.104315

 Schimel, J., Balser, T. C., and Wallenstein, M. (2007). Microbial stress-response physiology and its implications for ecosystem function. Ecology. 88 (6), 1386–1394.

 Sharma, I., Sharma, S., Sharma, V., Singh, A. K., Sharma, A., Kumar, A., et al. (2024). PGPR-Enabled bioremediation of pesticide and heavy metal-contaminated soil: A review of recent advances and emerging challenges. Chemosphere 362, 142678. doi: 10.1016/j.chemosphere.2024.142678

 Shen, J., Li, R., Zhang, F., Fan, J., Tang, C., and Rengel, Z. (2004). Crop yields, soil fertility and phosphorus fractions in response to long-term fertilization under rice monoculture system on a calcareous soil. Field Crop Res. 86, 225–238. doi: 10.1016/j.fcr.2003.08.013

 Shiva, S., Enninful, R., Roth, M. R., Tamura, P., Jagadish, K., and Welti, R. (2018). An efficient modified method for plant leaf lipid extraction results in improved recovery of phosphatidic acid. Plant Methods 14, 1–8.

 Singh, N. K., Verma, D. K., Upadhyay, A. K., and Rai, U. N. (2019). Isolation and characterization of arsenic tolerant bacteria collected from arsenic contaminated site of West Bengal, India. Int. J. Plant Environ. 5, 57–62. doi: 10.18811/ijpen.v5i01.10

 Sinha, A. K., Giblen, T., AbdElgawad, H., De Rop, M., Asard, H., Blust, R., et al. (2013). Regulation of amino acid metabolism as a defensive strategy in the brain of three freshwater teleosts in response to high environmental ammonia exposure. Aquat. Toxicol. 130, 86–96.

 Stefan, M., Munteanu, N., and Mihasan, M. (2013). Application of plant growth promoting rhizobacteria to runner bean increases seed carbohydrate and protein yield. Analele Stiintifice ale Universitatii’’ Al. I. Cuza” Din Iasi. (SerieNoua). Sectiunea 2. a. Geneticasi Biologie Moleculara 14, 29–36.

 Tahjib-Ul-Arif, M., Zahan, M. I., Karim, M. M., Imran, S., Hunter, C. T., Islam, M. S., et al. (2021). Citric acid-mediated abiotic stress tolerance in plants. Int. J. Mol. Sci. 22, 7235. doi: 10.3390/ijms22137235

 Upadhyay, S. K., and Singh, D. P. (2015). Effect of salt-tolerant plant growth-promoting rhizobacteria on wheat plants and soil health in a saline environment. Plant Biol. 17, 288–293. doi: 10.1111/plb.12173

 Wang, X., Zhang, J., Wang, X., An, J., You, C., Zhou, B., et al. (2022). The growth promoting mechanism of Brevibacillus laterosporus AMCC100017 on apple rootstock Malus robusta. Hortic. Plant J. 8, 22–34. doi: 10.1016/j.hpj.2021.11.005

 Warton, B., Matthiessen, J. N., and Shackleton, M. A. (2001). Glucosinolate content and isothiocyanate evolution – Two measures of the biofumigation potential of plants. J. Agric. Food Chem. 49, 5244–5250. doi: 10.1021/jf010545s

 Warwick, S. I. (1994). “Guide to the wild germplasm of Brassica and allied crops,” in Part V. Life History and Geographical Data for wild species in the tribe Brassicaceae (Cruciferae) (Canada: Agricultural Canadian Technical Bulletin), 61. 2E.

 Wong, S. H., and Williams, C. (2000). Influence of different amounts of carbohydrate on endurance running capacity following short term recovery. IJSM 21.06, 444–452.

 Yaghoubi Khanghahi, M., Leoni, B., and Crecchio, C. (2021a). Photosynthetic responses of durum wheat to chemical/microbiological fertilization management under salt and drought stresses. Acta Physiologiae Plantarum 43, 123. doi: 10.1007/s11738-021-03289-z

 Yaghoubi Khanghahi, M., Ricciuti, P., Allegretta, I., Allegretta, I., Terzano, R., and Crecchio, C. (2018). Solubilization of insoluble zinc compounds by zinc solubilizing bacteria (ZSB) and optimization of their growth conditions. Environ. Sci. pollut. Res. 25, 25862–25868. doi: 10.1007/s11356-018-2638-2

 Yaghoubi Khanghahi, M., Strafella, S., Allegretta, I., and Crecchio, C. (2021b). Isolation of bacteria with potential plant-promoting traits and optimization of their growth conditions. Curr. Microbiol. 78, 464–478. doi: 10.1007/s00284-020-02303-w

 Yaniv, Z., Schafferman, D., and Amar, Z. (1998). Tradition, uses, and biodiversity of rocket (Eruca sativa) in Israel. Economic Bot. 52, 394–400. doi: 10.1007/BF02862069

 Yoon, J. H., Lee, K. C., Weiss, N., Kang, K. H., and Park, Y. H. (2003). Jeotgalicoccus halotolerans gen. nov., sp. nov. and Jeotgalicoccus psychrophilus sp. nov., isolated from the traditional Korean fermented seafood jeotgal. Internatl. J. Systematic Evolutionary Microbiol. 53 (2), 595–602.

 Zeven, A. C., and de Wet, J. M. J. (1982). Dictionary of cultivated plants and their regions of diversity. 2nd ed (Wageningen: Centre for Agricultural Publishing and Documentation), 107.

 Zhou, X., Liu, X., Zhao, J., Guan, F., Yao, D., Wu, N., et al. (2021). The endophytic bacterium Bacillus koreensis 181–22 promotes rice growth and alleviates cadmium stress under cadmium exposure. Appl. Microbiol. Biotechnol. 105, 8517–8529.




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Hassan, Maridueña-Zavala, Alsherif, Aloufi, Korany, Aldilami, Bouqellah, Reyad and AbdElgawad. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fpls-15-1412426-g007.jpg
Control Bacteria

o o o o o o
qs <t (o) N —

—# % Xapul 21WwadA|9

P 3
Control Bacteria

o wn o Ty o
m_ N  l -
—  (9%) Ay1An3oe uoniqiyul asepisoan|b -0
m
P
()
=t
)
(©
o
* Rl
O
-
=
@)
&)
o o o o o o
v~ O (o) ({e] < N
L

(%) Aanoe uoniqiyur asejAwe -n





OEBPS/Images/fpls.2024.1412426_cover.jpg
& frontiers | Frontiers in Plant Science

Inoculation with Jeotgalicoccus sp.
improves nutritional quality and biological
value of Eruca sativa by enhancing amino

acid and phenolic metabolism and

increasing mineral uptake, unsaturated fatty
acids, vitamins, and antioxidants





OEBPS/Images/fpls-15-1412426-g004.jpg
% %k Hl Control
[ Bacteria

%k 3k %k Hl Control

; 1 | 1 Bacteria






OEBPS/Images/fpls-15-1412426-g002.jpg
[A] [B]

0.5 la 4
| | E 3 3
0.4
2 3
S 03 s
Q.
= o2
u;_ 0.2 =
S =
0.1 L
0.0 0
Control Bacteria Control Bacteria
[C] [D] *
2.0 5 1
1.5 .
2 .
(1. 5
1.0 o
(@)} o 2
= E
0.5 1
0.0 0
Control Bacteria Control Bacteria
[E] [F]
0.15 % %k 0.015
1
t 3
1
= 0.10 = 0.010
(1. L
> >
o (o))
£ 0.05 € 0.005
0.00 0.000

Control Bacteria Control Bacteria





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Inoculation with Jeotgalicoccus sp. improves nutritional quality and biological value of Eruca sativa by enhancing amino acid and phenolic metabolism and increasing mineral uptake, unsaturated fatty acids, vitamins, and antioxidants

      

        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Isolating, purification and identifying bacteria from the rhizosphere

          



          		

            2.2 Experimental setup, plant materials, and growth conditions

          



          		

            2.3 Determination of photosynthetic rate

          



          		

            2.4 Pigment analysis

          



          		

            2.5 Determination of the nutritional quality

          

            		

              2.5.1 Proximate composition analysis

            



            		

              2.5.2 Elemental analysis

            



            		

              2.5.3 Amino acids metabolism

            



            		

              2.5.4 Organic acid analysis

            



            		

              2.5.5 Fatty acid analysis

            



            		

              2.5.6 Vitamin content analysis

            



            		

              2.5.7 Analysis of phenolics and their biosynthetic enzymes

            



          



          



          		

            2.6 Biological activities

          

            		

              2.6.1 Antioxidant activities

            



            		

              2.6.2 Antimicrobial activity

            

              		

                2.6.2.1 Assessment of antibacterial activity in plants

              



            



            



            		

              2.6.3 Antidiabetic activity

            

              		

                2.6.3.1 Inhibition of α-amylase assay

              



              		

                2.6.3.2 α-glucosidase inhibition assay

              



              		

                2.6.3.3 Estimation of glycemic index

              



            



            



          



          



          		

            2.7 Statistical analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Bacterial identification and its characterizations

          



          		

            3.2 Bacterial colonization improved the biomass and photosynthesis of E. sativa

          



          		

            3.2 JW0823 induced the proximate composition, minerals, and vitamins of E. sativa

          



          		

            3.3 JW0823 enhanced the functional food potentiality of E. sativa

          



          		

            3.4 JW0823 boosted the biological activities of E. sativa

          

            		

              3.4.1 Antioxidant activity

            



            		

              3.4.2 Antimicrobial activity

            



            		

              3.4.3 Antidiabetic activity

            



          



          



        



        



        		

          4 Discussion

        

          		

            4.1 JW0823 could improve growth and tissue chemical composition of E. sativa

          



          		

            4.2 JW0823 improved the biological activity of E. sativa

          



        



        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpls-15-1412426-g005.jpg
pmol/gFW pmol/gFW

mg trolox/gFw

[A]
40

w
o

N
o

-
o

-
N

-
o

(4]

o

[E]
20

-
4))

-t
o

)]

Control Bacteria

Control Bacteria

Control Bacteria

pumol/gFW

mg trolox/gFw

[B]
15

-
o

a

[D]
1.5

—-d
o

o
o

0.0

Control Bacteria

Control Bacteria





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Minerals Control JW0823

(mg/q) bacteria

K 11.474 + 0.047 25.228 + 0.55*
Na | 1.561 + 0.021 3.213 £0.02*
Ca ‘ 1.485 + 0.177 1.872 + 0.258%
Cu 0.008 + 0 0.009 + 0.002*
Fe 0.18 £ 0.015 0.172 + 0.029
P 1.108 + 0.088 1.625 + 0.02*
Zn ‘ 0.1 £ 0.007 0.147 + 0.006*
Mn » 0.024 + 0.001 0.034 + 0

Mg 2.588 + 0.263 4.143 + 0.385*

Data are represented by means + standard errors. Means with an asterisk indicate significant
differences between treated and control groups at p<0.05.





OEBPS/Images/table4.jpg
Fatty acids (%) Control JWO0823 bacteria

Tetradecanoic (C14:0) 1.29 £ 0.14 0.78 £ 0.2
Pentadecanoic (C16:0) 13:7 £:2.53 16.87 £ 1.71*
Eicosanoic (C20:0) 1993011 1.81 +£0.33
Docosanoic (C22:0) 1.66 £ 0.25 1.43 +0.06
Octadecanoic (C18:0) 7.98 + 0.68 11.45 + 1.83%
Pentacosanoic (C24:0) 0.08 + 0.03 0.15 £ 0.03
Total saturated

atty acids 26.64 + 2.49 3248 + 2.34*
Pentadecanoic (C16:1) 2.26 £ 0.23 2.98 + 0.62
Pentadecanoic (C16:1) 0.6 £ 0.15 1.29 £0.16*
Pentadecanoic (C16:3) 2.45 + 0.27 1.36 £ 0.11*
Octadecanoic (C18:1) 3.85+ 0.59 5.95 + 0.46*
Octadecanoic (C18:2) 31.67 £ 6.57 23.82 + 0.81*
Heptadecanoic (C18:3) 34.75 + 8.76 344 +7.56
Heptadecanoic (C18:4) 2 +0.46 1.29 £ 0.16*
Tetracosanoic (C20:3) 0.45 + 0.18 0.36 £ 0.11
Total fatty acids 78.03 + 15.49 7147 £7

Data are represented by means + standard errors. Means with an asterisk indicate significant
differences between treated and control groups at p<0.05.





OEBPS/Images/table3.jpg
Amino acids (mg/qg)

Control

JW0823
bacteria

Aspartic acid 13.55 £ 0.5 6.54 + 1.38*
Glutamic acid 12.75 £ 0.81 16.57 + 0.41*
Glutamine 11.79 £ 0.6 14.53 + 0.46*
Serine 6.01 + 0.09 8.78 £ 0.86* _
Glycine 11.44 £+ 1.08 8.01 £ 0.23*
Arginine 21.68 + 3.4 31.61 £ 9.47*
Alanine 3.49 +0.18 297 £0.22
Histidine 579 £ 0.15 2.03 £ 1.33*
Valine 9.07 £ 0.21 2.09 £ 1.47*
Methionine 1.14 £ 0.48 2.89 £ 0.04*
Cystine 1.53 £ 0.02 1.59 £ 0.15
Isoleucine 242 +1.08 8.96 £ 2.16*
Leucine 14.78 £ 1.05 10.27 £ 1.39*
Tyrosine 6.48 £ 0.15 4.69 + 0.33*
Lysine 17.32 £1.23 14.28 £ 0.15*
Threonine 6.58 + 0.57 3.01 +0.33*
Tryptophan 0.55 + 0.02 0390
Glutamine synthase 491 +028 6.22 +0.01
Dihydrodipicolinate synthase 1.94+0.11 329+£0.1%
(DHDPS) (lysine biosynthase)

Cystathionine y-synthase 0.01+0 003 +0
(CGS)

(methionine biosynthase)

Phenylalanine 22.87 + 247 33.87 £3.77%
Phenylalanine aminolyase 4.2 +037 7.01 +£0.92*

Data are represented by means + standard errors. Means with an asterisk indicate significant

differences between treated and control groups at p<0.05.





OEBPS/Images/fpls-15-1412426-g003.jpg
[Al [B]

80 25 "
1
60 20
= 15
32 40 >
e 10
20 5
0 0
Control Bacteria Control Bacteria
[C] [D]
200 15 *
1
150
10
= %
2 100 L
(@) (@)
= = 5
50
0 0
Control Bacteria Control Bacteria
[E] [F]
15 * 8
— B3
10 .
=S 2
— L
= o
= 4
m —
= (@)
5 =
2
. 0

Control Bacteria :
Control Bacteria





OEBPS/Images/fpls-15-1412426-g006.jpg
inhibition zone diameter (mm)

()
o

IeN
o

W
o

N
o

-t
o

HE Control
[ Bacteria

o
* 4 n
n ES Ea

rn n

n
%k k
N
1l

* %






OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Plant Science





OEBPS/Images/fpls-15-1412426-g001.jpg
JW0823
Jeotgalicoccus nanhaiensis M1B70
Firmicutes bacterium K4 KC887923
uncultured bacterium AY038633
uncultured bacterium HM839282
Jeotgalicoccus sp. L39-1 KC884687
Jeotgalicoccus halotolerans NR 025643
uncultured bacterium HM341000
uncultured bacterium HM253492
uncultured bacterium FJ672703
Bacillus vallismortis OP104907
Escherichia coli MH197072

0.050





OEBPS/Images/table1.jpg
Biochemical activities JWO0823 bacteria

Nitrate reduction -
Decomposition of:

Hypoxanthine -
Starch =
Tween 80 -
Tyrosine +
Xanthine =

Acid production from:

Arabinose +
Fructose -
D-Galactose -
D-Glucose -
Glycerol =
Maltose -
D-Mannitol +
Sucrose +
Growth at:

pH

Range 5-9
Optimum 8
0% NaCl +
15% NaCl &
20% NaCl -

Temperature (°C):
Range 15-55
Optimum 28-40






OEBPS/Images/table5.jpg
Phenolics (mg/ Control Jw0823

g FW) bacteria
Total Phenolics 569.536 + 5.283 1065.631 + 29.584*
Total Flavonoids 60.662 + 3.444 116.995 + 2.954*
Caffeic acid 0.015 + 0.001 0.026 £ 0
Ferulic acid 1.583 + 0.025 2.429 +0.033*
Protocatechuic acid V 0.384 + 0.137 0.327 £ 0.003
Catechin 0.473 +0.019 0.77 £ 0.019
Galic acid 11.959 + 0.537 18.911 + 0.432*
p-Coumaric acid 2.244 +0.142 4.249 £ 0.072*
Cinnamic acid 2.564 +0.123 4.18 +0.088*
Resorcinol 0.052 £ 0.008 0.071 £ 0.001
Chlorogenic acid 0.153 + 0.007 0.241 + 0.005*
Syringic acid 0.693 + 0.016 1.523 + 0.033*
Quercetin V 1.406 + 0.132 2499 + 0.052*
Quercetrin 0.135+£0 0.268 + 0.011*
Luteolin 0.046 + 0.004 0.102 + 0.003*
Apigenin 0.293 + 0.03 0.577 £ 0.018*
Isoquercetrin 0.63 + 0.085 1.264 £ 0.022*
Rutin 1.005 + 0.102 2.008 + 0.059*
Ellagic acid 0.258 + 0.023 0.403 + 0.009*
Velutin 0.272 £ 0.013 0.454 + 0.008*
Naringenin 0.004 £0 0.007 £ 0
Genistein 0.002 £0 0.003 £ 0
Daidzein 0.001 + 0 0.003 £ 0
Fisetin 0.002 £ 0 0.003 £ 0
O-hydroxydaidzein 0.002 + 0 0.003 £ 0

Data are represented by means + standard errors. Means with an asterisk indicate significant
differences between treated and control groups at p<0.05.





