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Introduction: Ginger (Zingiber officinale Roscoe) can scavenge free radicals, which cause oxidative damage and inflamm-ageing. This study aimed to evaluate the antioxidant and anti-inflammatory effects of soil ginger's sub-critical water extracts (SWE) on different ages of Sprague Dawley (SD) rats. The antioxidant properties and yield of SWE of soil- and soilless-grown ginger (soil ginger and soilless ginger will be used throughout the passage) were compared and evaluated.
Methods: Three (young), nine (adult), and twenty-one (old) months old SD rats were subjected to oral gavage treatments with either distilled water or the SWE of soil ginger at a concentration of 200 mg/kg body weight (BW) for three months.
Results: Soil ginger was found to yield 46% more extract than soilless ginger. While [6]-shogaol was more prevalent in soilless ginger, and [6]-gingerol concentration was higher in soil ginger (p < 0.05). Interestingly, soil ginger exhibited higher antioxidant activities than soilless ginger by using 2,2-diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH) and ferric reducing antioxidant power (FRAP) assay. With ginger treatment, a reduced levels of tumour necrosis factor-α (TNF-α) and C-reactive protein (CRP) but not interleukin-6 (IL-6) were observed in young rats. In all ages of SD rats, ginger treatment boosted catalase activity while lowering malondialdehyde (MDA). Reduction of urine 15-isoprostane F2t in young rats, creatine kinase-MM (CK-MM) in adult and old rats and lipid peroxidation (LPO) in young and adult rats were also observed.
Discussion: The findings confirmed that the SWE of both soil and soilless grown ginger possessed antioxidant activities. Soil ginger produced a higher yield of extracts with a more prominent antioxidant activity. The SWE of soil ginger treatment on the different ages of SD rats ameliorates oxidative stress and inflammation responses. This could serve as the basis for developing a nutraceutical that can be used as a therapeutic intervention for ageing-related diseases.
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1 INTRODUCTION
Ginger is a Zingiberaceae perennial plant. It has been harvested for countless generations as a spice and use in herbal remedies (Mohd et al., 2012). Ginger can be collected whether it is young (between three and 4 months old) or mature (8–10 months) (Marsh et al., 2021). Nutritional support for the growth of a plant is provided by soil (Fussy and Papenbrock, 2022). The conventional method of ginger cultivation is soil-bound, using a shifting cultivation technique. This technique mainly produces land corrosion in the highlands, and it takes 6 years to resolve the issue of soil infertility before replanting can be done (Shuhaimi et al., 2016). Consequently, a different approach to solving this issue is to grow ginger using the soilless culture system. By growing ginger without soil, soilborne ailments like Fusarium oxysporum, Pseudomonas solanacearum that might infect the plant root, and leaf spot illnesses, can be avoided. The availability of water and nutrients for the plant may be significantly influenced by the substrate, which may also impact on the metabolic processes involved in synthesing the bioactive chemicals. This technique uses substrates of rock wool, perlite, vermiculite and peat (Mohd et al., 2015).
Several bioactive compounds are present in ginger. They include terpenes (Halimin et al., 2022) and phenolic substances such as gingerols, shogaols, and paradols. The combinations of [6]-gingerol, [6]-shogaol, [10]-gingerol, gingerdiones, gingerdiols, paradols, [6]-dehydrogingerols, [5]-acetoxy-6-gingerol, [3,5]-diacetoxy-[6]-gingerdiol, and [12]-gingerol are responsible for its recognised biological activity (Zammel et al., 2021; Arcusa et al., 2022). The two most potent active ingredients are [6]-shogaol and [6]-gingerol (Mao et al., 2019; Aghamohammadi et al., 2020; Zammel et al., 2021). Studies on ginger rhizomes have revealed that it exhibits a wide range of bioactivities including neuroprotective (Sapkota et al., 2019), hepatoprotective (Bekkouch et al., 2022), gastroprotective effects (Ebrahimzadeh Attari et al., 2019), photoprotective effect (Nobile et al., 2016), antimicrobial (Abdullahi et al., 2020), anti-obesity (Seo et al., 2021), anticancer (Osman et al., 2021), anti-inflammatory (Askari et al., 2020) and antioxidant properties (Hur et al., 2020).
A state known as “oxidative stress”, which is defined as “an imbalance between reactive species (RS), reactive oxygen species (ROS), and antioxidant reserve”, is linked to ageing and chronic disease (Mao et al., 2019). Alterations in DNA transcription and a reduction in the ability to repair DNA could result from oxidative damage to macromolecules such as lipids, proteins and DNA. Oxidative stress and high concentration of polyunsaturated fatty acids (PUFAs) in cellular or organelle membranes induce lipid peroxidation which results in the release of α - and β-unsaturated reactive aldehydes (Taso et al., 2019) such as malondialdehyde (MDA), 4-hydroxy-2-noneal (HNE), and acrolein, which are the most reactive (Mas-Bargues et al., 2021). When ROS oxidize membrane phospholipids, lipid hydroperoxide (LPO) molecules are produced within the cell membrane (Thimraj et al., 2018). These aldehydes can bond covalently with biological components. Besides, the oxidation of arachidonic acid and docosahexaenoic acid (DHA) also produces lipid peroxidation products such as isoprostanes (IsoPs) and neuroprostanes (neuroPs) (Taso et al., 2019). They also cause an increase in nitric oxide (NO) which subsequently leads to a considerable drop in the blood levels of endogenous antioxidants such as glutathione (GSH), superoxide dismutase (SOD) and catalase (CAT) (Nandi et al., 2019).
The imbalance of the normal redox state exponentially develops with age and is accompanied by a remarkable decrease in the cell repair system. Inflammageing, a modest, low-grade chronic inflammatory condition, has been reported to contribute to ageing (Sanada et al., 2018) with an elevation of proinflammatory cytokines, chemokines, and adipokines interleukin-1ß (IL-1ß), interleukin-6 (IL-6), tumour necrosis factor-α (TNF-α), and monocyte chemoattractant protein-1 chemokine (C-C motif ligand 2, CCL2) as the most important characteristics (Jalali et al., 2020). In healthy individuals, initial defence against pathogens and the injury-repair cycle depends on inflammation (Petersen and Smith, 2016). These inflammatory mediators may persist excessively for a long time, leading to chronic inflammation. Chronic inflammatory diseases can cause persistently high C-reactive protein (CRP) values (Sproston and Ashworth, 2018). The aberrant release of TNF-α causes psoriasis, psoriatic arthritis, and non-infectious uveitis (NIU) (Zhou et al., 2020; Jang et al., 2021). As ageing is the primary risk factor for most neurodegenerative diseases in humans (Hou et al., 2019), age-related disorders may be delayed, if not prevented, by therapies that use phytochemicals to target the ageing process. Since the antioxidant properties of plants could stem from their polyphenolic compounds, it is crucial to assess the polyphenolic contents of these plants, which could be extracted using various techniques.
Various extraction techniques which incorporated inorganic solvents can be used in the plant extraction process (Dias et al., 2021). The use of these solvents during the extraction and downstream processing of medicinal herbs is constrained as many organic solvents can be toxic to humans, depending on the level of exposure. It is almost impossible to remove the residual solvents completely from liquid and dried herbal extracts (Truong et al., 2019). Subcritical-water extraction, an eco-friendly process uses only water to extract phytochemical components and can concentrate less-polar chemicals quickly (Ko et al., 2020). Hence, this study aimed to evaluate the antioxidant and anti-inflammatory effects of the sub-critical water extracts of soil ginger on different ages of Sprague Dawley (SD) rats. We also assessed and compared the antioxidant properties and yield of SWE of soil- and soilless-produced ginger.
2 MATERIALS AND METHODS
2.1 Plant materials
Thirty kilograms of fresh rhizomes of young soil grown ginger and 30 kg of fresh rhizomes of young soilless grown ginger aged 150 days were supplied by Millercle Resources Sdn. Bhd. The soilless ginger grows in 100% cocopeat. The voucher specimens were identified and deposited at the Universiti Kebangsaan Malaysia’s Herbarium (UKMB), Bangi (ID016/2021).
2.2 Extraction
Unpeeled ginger rhizomes were washed and grinded to increase the surface area by 1:3 solid-to-liquid ratio. The extraction was performed in 70 L subcritical water extraction at the optimum temperature and pressure of 120°C and 10 bar, respectively. The processing time of 5, 10, 15 and 20 min were used with a solvent-to-solid ratio of 28/2 mLmg−1. The subcritical water extraction was performed by inserting the grounded ginger (weight varied based on the solvent-to-solid ratio for each run) into a sample holder placed in the extraction vessel and filled with distilled water (2.5 L). A fitting cover was installed on top of the extraction vessel to prevent pressure loss during the extraction process. Nitrogen gas was used to purge the oxygen present in the solution. The required pressure was maintained until the experiment was completed. Finally, the extracts were streamed into the cooling vessels to be collected for analysis and further drying.
2.3 Chromatographic analysis
Two selected chemical markers for the extract, [6]-gingerol and [6]-shogaol were identified and quantified using HPLC (Waters Alliance 2,695, United States) equipped with a PhotoDiode Array Detector (Waters 2,996, United States) Table 1 and the Empower Chromatography Data System for data processing. Analysis method were adapted from Mohd Sahardi et al. (2021) and optimized to the following parameters:
TABLE 1 | HPLC parameters for chromatographic analysis.
[image: Table 1]The extraction yield was calculated using the equation below:
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*W1 is the weight of the extract
*W2 is the weight of the plant powder
2.4 Preparation of controls for ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays
Tocotrienol-rich fraction (TRF) purchased from Sime Darby Sdn. Bhd., Selangor, Malaysia (TRF Gold Tri E 50) and Vitamin C (L-ascorbic acid 99%, Sigma, United States) were used as controls for the DPPH assay. Each ginger extract and control were weighed and diluted with either 100% ethanol or 95% ethanol and ultrapure water based on its solubility characteristics to create 10 mg/mL of the stock solutions.
2.5 DPPH free radical scavenging activity
The free radical scavenging activity of ginger extracts was measured using DPPH. Briefly, 40 mL of acetate buffer and 60 mL of methanol (both from Merck, Germany) were combined to make the stock solution of 1,1-diphenyl-2-picryl-hydrazyl (Sigma, United States) (pH 5.5). The appropriate diluents were used to dilute a series of final concentrations of the ginger extracts and the controls to 0, 10, 20, 50, 100, 200, 500, and 1,000 μg/mL. Then, a vortex was used to combine .75 mL of the diluted extract or control with 1.5 mL of .009 mgmL−1 DPPH in methanol. Following the incubation, the mixture was let to stand at room temperature for 10 min. The absorbance was determined at a wavelength of 517 nm by EnSpire Multimode Plate Reader (Perkin Elmer, Singapore). Methanol served as a standard (Ac). The inhibition percentage was calculated using the formula below (Garcia et al., 2012):
[image: image]
2.6 FRAP assay
Two point 5 mL of TPTZ 2,4,6-tri (2-pyridyl-1,3,5-triazine) (Sigma, United States), 2.5 mL of ferric chloride hexahydrate (FeCl3.6H2O) solution (20 mM) (Merck, United States), and 2.5 mL of acetate buffer (300 mM; pH 3.6) (Merck, Germany) were mixed in a ratio of 1:1:30 to create the FRAP reagent. Then, 1.2 mL of the FRAP reagent were added to the ginger extract and control solution to make a final concentration of 0, 10, 20, 50, 100, 200, 500, or 1,000 µgmL−1. The mixtures were incubated for 10 min and absorbance were recorded at 593 nm by EnSpire Multimode Plate Reader (Perkin Elmer, Singapore). The sample’s antioxidant capacity was assessed using a standard curve of ferrous sulfate (FeSO47H2O) (Sigma, United States).
2.7 Animal model
The Sprague Dawley (SD) rats were purchased from the Universiti Kebangsaan Malaysia Laboratory Animal Resource Unit (LARU). Throughout the study, the rats were housed in animal care facilities with a 12-h light/dark cycle and a temperature of 24°C. Rats also had unrestricted access to water and rat pellets (Gold Coin, Malaysia). The rat pellet has an approximate nitrogen-free extract content of 49%, a minimum crude protein content of 22%, a maximum crude fiber content of 5%, a minimum crude fat content of 3.0%, a maximum moisture content of 13%, and a minimum ash content of 8%. The bedding for the rats was Kenaff (Muhaaz Enterprise, Terengganu, Malaysia) and was changed twice a week. Animals were separated into three groups: 18 male young SD rats aged 3 months, 18 male adults aged 9 months, and 18 old males aged 21 months (Makpol et al., 2020). Each group was further divided into two groups, with Group 1 receiving 1 mL of distilled water as the control (n = 8) and Group 2 receiving 200 mg/kg/day of soil Z. officinale Roscoe extract (n = 10) daily for 3 months. Prior to receiving therapy, each rat was kept in a cage for a week in a Sealsafe® Plus Rat IVC Green Line (TECHNIPLAST, Varese, Italy) for acclimatization. For each test carried out, the animals were tested according to their groupings, commencing with Group 1 and moving on to Group 2. The Universiti Kebangsaan Malaysia Animal Ethics Committee approved the experimental plan (UKMAEC Approval Number: BIOK/PP/2018/SUZANA/14-MAY/924-JUNE-2018-MAY-2020). Figure 1 shows the experimental design for this research. The animal numbers were selected based on a previous study (Makpol et al., 2020).
[image: Figure 1]FIGURE 1 | Diagram showing the experimental process and the study’s objectives. 
2.8 Urine collection
One milliliter of rat’s urine was collected via spontaneous urination into a clear plastic bag on day 0 and day 90 of treatment using a pipette tip. Prior to analysis, the urine was stored in a freezer set at −80°C.
2.9 Blood collection
Blood was withdrawn from each rat through the orbital sinus collection technique on day 0 and day 90 of treatment. After centrifuging the collected blood in the EDTA tube at 3,000 rpm for 10 min at 4°C, the plasma was stored in a—80°C freezer until analysis.
2.10 Euthanisation of animals
KTX agents with a mixture of ketamine, xylazine, and zoletil-50 (tiletamine and zolazepam) were used as anesthetics in this study due to their effectiveness, speed, minimal discomfort, anxiety, and distress. The KTX agents were injected intraperitoneally at a dose of 0.1 mL/250 g of body weight (BW). They were sacrificed by decapitation.
2.11 Collection of organs
On day 90, all rats were fasted overnight before being euthanized for necropsy analysis. Gastrocnemius muscles were obtained from the rats. The organs were cleaned in 90% normal saline to remove any adhering tissue before weighing. The organ weight was measured as soon as possible to prevent drying, and it’s relative to the animals’ body weight (BW) was analyzed.
2.12 MDA analysis
Analysis of MDA in rat plasma was conducted in accordance with a previous study (Hamezah et al., 2017). The reagent was prepared through mixing of 5 mM DNPH (2,4-dinitrophenyl benzine) (Sigma Aldrich, St. Louis, MO, United States), 2 M HCl (hydrochloric acid) (Sigma Aldrich, St. Louis, MO, United States), 35% perchloric acid (HClO4) (Merck, Germany), 1% sulfuric acid (H2SO4) and 1.3 M NaOH (natrium hydroxide, Merck, Germany). 12.5 µL TEP (1,1,3,3-tetraethoxypropane) (Sigma Aldrich, St. Louis, MO, United States) and 50 mL 1% sulfuric acid were combined and incubated overnight at 4 °C to produce mega stock solution (1 mM stock solution). For working standard (100 uM), 500 μL TEP (Mega stock) was added to 4.5 mL mili Q water. 380 mL acetonitrile (HPLC Grade, Merck, Germany), 620 mL mili Q and 2 mL of acetic acid (Merck, Germany) were used as the mobile phase. This mixture was filtered by a .45 µm filter membrane using a vacuum pump and sonicated for 20 min to de-gas. A series of standard concentrations (Table 2) was prepared. Briefly, 50 μL standard/sample was added to 200 μL 1.3 M NaOH. This mixture was incubated in a 60°C water bath for 1 h for alkaline hydrolysis of protein-bound followed by 5 min of a cooling period in ice. Thirty-five percent perchloric acid was added and further centrifuged at 10,000 g, 10 min, and 4°C to precipitate the protein. Three hundred microliter supernatant was transferred and added with 12.5 μL, 5 mM DNPH. This mixture was incubated at room temperature for 30 min. Standard/sample was filtered (size .45 µm) and transferred into an insert in the vial.
TABLE 2 | Standard concentration for MDA analysis.
[image: Table 2]Five microliter of sample was injected onto the UPLC system (Waters Alliance 2,695, United States) equipped with PhotoDiode Array Detector (Waters 2,996, United States). The reverse-phase Acquity UPLC® BEH C18, 1.7 m, 2.1 mm 50 mm column was part of the UPLC system. Photodiode array detection was set at a wavelength of 310 nm and a programmed solvent delivery system with a flow rate of 0.4 mL/min (Waters Corporation, Milford, MA, United States). By contrasting the retention period of the sample with the established standard, plasma MDA was determined. The sample’s MDA had a 2.6-min retention period, which permitted an entire chromatographic run every 5 minutes. The peak area of the external standards was used to compute the MDA concentrations, and the results from the calibration curves were expressed in nmol/mL. Each sample was analyzed simultaneously.
2.13 Antioxidant enzyme activity
The activities of the antioxidant enzymes catalase (CAT) and superoxide dismutase (SOD) in rat plasma were assessed using Catalase Assay kit (Cayman, Ann Arbor, MI, United States) and Superoxide Dismutase Assay Kit (Cayman, Ann Arbor, MI, United States), by referring to the kits’ manuals. The absorbance was measured at wavelengths of 540 nm for CAT and 440–460 nm for SOD by EnSpire Multimode Plate Reader (Perkin Elmer, Singapore). The results were presented as μmol/min/mL and U/mL for CAT and SOD activity, respectively. A bsorbance was measured at wavelengths of 540 nm for CAT and 440–460 nm for SOD. The results were presented as μmol/min/mL for CAT activity. SOD activity was shown as U/mL.
2.14 Analysis of urinary oxidative stress
Urine samples from each rat were tested for 15-isoprostane F2t activity using a urinary isoprostane ELISA kit (Oxford Biomedical Research, Oxford, United States) according to the manufacturer’s instruction. The sample was prepared by adding 100 L of urine to an anti-15-isoprostane F2t-coated well plate following dilution with glucuronidase. The 15-isoprostane F2t horseradish peroxidase (HRP) conjugate and tetramethylbenzidine (TMB) substrate were then added to the mixture. An EnSpire Multimode Plate Reader (Perkin Elmer, Singapore) quantified the produced colour as the absorbance at 650 nm. Based on the data collected and the standard curve produced using the given standard solution, the isoprostane concentration (ng/mL) of each sample was calculated.
2.15 Analysis of creatine kinase-MM (CK-MM)
CK-MM activity was assessed using a Rat CK-MM ELISA Kit (Life Diagnostics Inc., West Chester, PA, United States) in accordance with the manufacturer’s instructions. The sample was prepared by diluting a total of 25 L of plasma with a diluent before being transferred to microtiter plates that were coated with an anti-rat CK-MM antibody. Then, TMB reagent was added to each well and lastly, enzyme conjugates. After adding the stop solution to halt the reaction, the plates were gently shaken so that their absorbance could be measured at 450 nm using an EnSpire Multimode Plate Reader (Perkin Elmer, Singapore). Based on the results, each sample’s CKMM concentration (ng/mL) was determined using the standard curve that was plotted using the supplied standard solution.
2.16 Analysis of skeletal muscle oxidative stress
Lipid peroxidation marker, and lipid hydroperoxides were analyzed using Lipid Hydroperoxide (LPO) assay kit (Cayman Chemical, Ann Harbor, MI, United States), in accordance with the manufacturer’s instructions. To prevent batch-to-batch variability, all samples for each lipid peroxidation marker were examined in the same batch. In summary, 100 mg of gastrocnemius muscle was homogenized using PBS buffer containing .5 M BHT. After adding the R2 reagent, clear supernatant homogenates were generated, which were then combined with the diluted R1 reagent. Through redox interactions with ferrous ions and thiocyanate as the chromogen, this kit directly assessed the lipid hydroperoxide radicals. Three duplicates of each sample were plated. By using an EnSpire Multimode Plate Reader (Perkin Elmer, Singapore) at 500 nm, the supernatant absorbance was measured. The data were computed to determine the concentration of each sample using a standard curve from the provided standard solution. By adjusting each sample’s spectrophotometrically measured absorbance (500 nm) to μM using a hydroperoxide concentration standard curve, the average lipid hydroperoxide concentration for each sample was determined using this calculation:
Hydroperoxide concentration in sample (µM):
[image: image]
2.17 Measurement of inflammatory biomarkers
By using an ELISA kit from Elabscience Biotechnology (United States), the levels of inflammatory biomarkers including IL-6 (E-EL-R0015), TNF-α (E-EL-R0019), and CRP (E-EL-R3002) were assessed in a 96-well plate. In order to get the plasma, the blood was collected into heparin tubes and separated for 15 min at 1,000 g at 4°C. The 96-well plate was then filled with the plasma, which was then incubated for 90 min at 37°C. Utilizing the EnSpire Multimode Plate Reader (Perkin Elmer, Singapore), the absorbance of IL-6, TNF-α, and CRP was measured at 450 nm and compared to the standard curve.
2.18 Statistical analysis
The results of each experiment were recorded as mean ± standard deviation, with each experiment carried out in triplicate. One-way or two-way ANOVA was used to analyze the significant differences, and multiple comparisons were performed using the Bonferroni or Tukey test post hoc test. Levene’s test was used to test the homogeneity of the variances. Old rats and young rats were compared using Student's t-tests. P < .05 was considered as a significant difference in the analysis, which was conducted using SPSS software version 28.
3 RESULTS
3.1 Determination of total yield of dry extract
Thirty kilograms of soilless ginger yielded 440 g (1.46%) of ginger extract while 950 g (3.17%) of ginger extract was yielded from soil ginger (Figures 2A, B).
[image: Figure 2]FIGURE 2 | Total yield of dried extracts of soil and soilless ginger in g (A) and % (B).
3.2 Total amount of phenolic compounds, [6]-Gingerol and [6]-Shogaol (µg/mL)
In comparison to soilless ginger, the total amount of [6]-gingerol was significantly higher in soil ginger extract at 5, 10, 15, and 20 min of extraction (p < .05) (Figure 3A). On the other hand, the total amount of [6]-shogaol was higher in 5 min and 10 min of extraction time compared to soilless ginger (p < .05). Contrarily, compared to soil ginger, the amount of [6]-shogaol in soilless ginger was significantly increased with increasing extraction time (15 min and 20 min) (p < .05) (Figure 3B).
[image: Figure 3]FIGURE 3 | Total amount of [6]-gingerol (A) and [6]-shogaol (B) (µg/mL) for both soil and soilless ginger. Data presented as mean ± SD (n = 6), *p < .05 indicates a significant difference from the soil at the corresponding extraction time ap < .05 indicates a significant difference from the extraction time of 5 min; bp<.05 indicates a significant difference from the extraction time of 10 min; And cp < .05 indicates a significant difference from the extraction time of 15 min
3.3 Total percentage of phenolic compounds, [6]-Gingerol and [6]-Shogaol (%)
The total percentage of [6]-gingerol was significantly higher in soil ginger extract at 5, 15 and 20 min of extraction time compared to soilless ginger at respective extraction times. No significant difference in the percentage of [6]-gingerol was observed at 10 min of extraction time between soil and soilless ginger although the percentage of [6]-gingerol increased significantly during this interval compared to 5 min of extraction time (p < .05) (Figure 4A). In contrast, the percentage of [6]-shogaol was significantly higher in soilless ginger at 5, 15 and 20 min of extraction time (p < .05, Figure 4B) compared to soil ginger.
[image: Figure 4]FIGURE 4 | Percentage of [6]-gingerol (A) and [6]-shogaol (B) in both soil and soilless ginger. Data presented as mean ± SD (n = 6), *p < .05 indicates a significant difference from the soil at the indicated extraction time; ap < .05 indicates a significant difference from the extraction time of 5 min; b p < .05 indicates a significant difference from the extraction time of 10 min; cp<.05 indicates a significant difference from the extraction time of 15 min.
3.4 DPPH radical scavenging activity
By using DPPH assay, soil ginger at 5 min of extraction time (B5) with a concentration of 1,000 μg/mL exhibited higher antioxidant activities than soilless ginger at 5 min and 20 min of extraction times (A5, A20) with similar concentrations (Table 3; Figure 5).
TABLE 3 | DPPH radical scavenging activity in both soil and soilless ginger. Data presented as mean ± SD (n = 3).
[image: Table 3][image: Figure 5]FIGURE 5 | DPPH radical scavenging activity in both soil and soilless ginger. Data presented as mean ± SD (n = 3). A5, A10, A15 and A20 denote soilless ginger groups. B5, B10, B15, B20 denote soil ginger groups, *p < .05 significantly different from Vit C, #p < 005 significantly different from TRF, ap <.05 significantly different from soil ginger at the same extraction time, bp <.05 significantly different from soilless ginger at the same extraction time, cp <.05 significantly different from A5 at the same extraction time, and dp <0.05 significantly different from A20 at the same extraction time.
3.5 FRAP activities
Soil ginger with a concentration of 1,000 μg/mL at all extraction times (B5, B10, B15 B20) exhibited higher antioxidant activities than the soilless ginger at similar concentrations and respective extraction times (A5, A10, A15, A20) with the highest activity was by soil ginger at 20 min of extraction time (B20) (Table 4; Figure 6).
TABLE 4 | FRAP activities of soil and soilless ginger and controls. Data presented as mean ± SD (n = 6).
[image: Table 4][image: Figure 6]FIGURE 6 | FRAP activities in both soil and soilless ginger. The data is shown as mean SD (n = 6). A5, A10, A15 and A20 denote soilless ginger groups. B5, B10, B15, B20 denote soil ginger groups. ap<0.05 is significantly different from TRF, bp<0.05 is significantly different from Vit C, cp<0.05 is significantly different from A5, dp<0.05 is significantly different from A10, ep<0.05 is significantly different from A15, fp<0.05 is significantly different from A20, and gp<0.05 is significantly different from B5, hp<0.05 is significantly different from B10, ip<0.05 is significantly different from B15 and jp<0.05 is significantly different from B20.
3.6 Level of oxidative stress markers in the tissue, plasma, and urine
When compared to the young control rats at month 0, the plasma level of CKMM was significantly higher in the older rats (p < .05) (Figure 7A). At month 3, adult and elderly rats were shown to have similar increases in plasma CKMM compared to their respective control groups (p < .05). In comparison to the untreated adult and old rats at month 0, ginger administration significantly reduced plasma CKMM in both groups at month 3 (p < .05). For LPO, when compared to young control rats, lipid hydroxyperoxide was significantly higher in adult control rats (p < .05). When compared to the untreated groups, ginger treatment significantly decreased LPO levels in both young and adult rats (p < .05). As opposed to their untreated aged group, ginger therapy dramatically raises the LPO level in old rat groups. (p < .05) (Figure 7B). We observed a stable MDA level in all control rats. When compared to the untreated young and old rats at month 0, ginger treatment dramatically lowered the MDA levels in both young and old rats at 3 months of treatment. (p < .05) (Figure 7C). At month 0 compared to their controls, the urine 15-isoprostane F2t levels were significantly higher in the adult and old groups. Compared to the untreated groups at month 0, ginger treatment significantly reduced the concentration of 15-isoprostane F2t in both young and old rat groups at month 3 (p < .05, Figure 7D).
[image: Figure 7]FIGURE 7 | Plasma Creatine Kinase MM (CK-MM) (A), lipid hydroxyperoxide (B), plasma malondialdehyde (MDA) (C) and urine 15-isoprostane F2t (D) concentrations in young, adult, and old rats. The data were presented as mean ± SD, *p < .05 significantly different compared to young control rats at 0 month, **p < .05 significantly different compared to adult control rats at 0 month. #p < .05 significantly different compared to old control rats at 0 month, ap<.05 significantly different compared to young ginger rats at 0 month, bp<.05 significantly different compared to adult ginger rats at 0-month, cp<.05 significantly different compared to old ginger rats on at 0 month.
3.7 Level of antioxidant enzymes
When compared to young control rats, there was a substantial decline in T-SOD activity (p < .05) in old rats. On the other hand, neither the ginger intervention nor the control significantly changed the SOD activity in young or adult rats (Figure 8A) after 3 months of treatment. In terms of catalase activity, when compared to young control rats, the catalase activity in old rats was significantly reduced (p < .05). Interestingly, rats of all ages treated with ginger had significantly higher catalase activity than the untreated rats (p < .05, Figure 8B).
[image: Figure 8]FIGURE 8 | Age-related differences in T-SOD activity (A) and catalase activity of young, adult, and old rats (B). The data was presented as mean ± SD, *p < .05 significantly different compared to young control rats, ap<.05 significantly different compared to untreated rats at respective months.
3.8 Level of plasma pro-inflammatory biomarkers
When compared to young control rats at 0 months, adult control and baseline untreated adult rats had significantly higher plasma IL-6 concentrations (p < .05, Figure 9A). For the whole course of treatment, there were no significant changes in plasma IL-6 concentration between young, adult and old rats. For TNF-α, when compared to the young control at 0-month and 1.5-month intervals, the young control’s plasma TNF-α level at 3 months was significantly decreased. Although the ginger treatment did not significantly reduce TNF-α concentration at months 0 and 3, it did significantly reduce TNF-α concentration in young, treated rats at intervals of 1.5 months when compared to the untreated group (p < .05, Figure 9B). On the other hand, young control groups’ plasma CRP levels remained constant at all intervals during the entire course of treatment. However, compared to the untreated group, the young rats treated with ginger extract for 3 months with ginger extract had lower plasma CRP levels (p < .05, Figure 9C).
[image: Figure 9]FIGURE 9 | Plasma interleukin 6 (IL-6) levels in young, adult, and old rats (A), plasma levels of TNF-α (B) and CRP (C) in young rats. The data were presented as mean ± SD. *p < 0.05 significantly different compared to young control rat at 0 month, **p < 0.05 significantly different compared to young control rat at 1.5 months, ap<0.05 significantly different compared to untreated rats at respective months.
4 DISCUSSION
The use of natural sources of bioactive chemicals as nutraceuticals to support human health has drawn a lot of interest lately. The natural source of phenolic component used in this study was Zingiber officinale Roscoe. We used water for extraction since a number of scientific studies revealed that extraction technologies that primarily use organic solvents may leave an unwelcome hazardous residue in the finished product (Soquetta et al., 2018; Chaves et al., 2020; Carpentieri et al., 2021). Organic volatile solvents such as acetone, chloroform, ethyl ether, ethanol, dichloromethane, ethyl acetate, hexane, benzene, and toluene are highly toxic, human carcinogens, environmental hazards, non-genotoxic animal carcinogens. Accumulation and metabolism of the volatile solvent residue can generate highly toxic metabolites which bind covalently to some macromolecules and produce toxic effects (Opuni et al., 2021). Due to their high solubility in fat, the unmetabolized residual solvents accumulate in fatty tissues such as those of the nervous system which may cause neurotoxicity (Joshi and Adhikari, 2019).
Our results showed that soil ginger possessed a higher extraction yield than soilless ginger. Similar to this, a prior study found that soil-grown lettuce produced more and had leaves with a greater nitrate content than soilless lettuce (Fussy and Papenbrock, 2022). Nitrates in the soil are a primary source of nitrogen which is essential for plant growth. Fresh ginger typically contains between 85 and 95 percent water, making them vulnerable to microbial deterioration and chemical degradation (An et al., 2016). Volatile compounds make up 97 percent of the Zingiber officinale rhizome’s constituents in essential oils (Ghasemzadeh et al., 2018). The primary source for ginger’s bioactivities came from its rhizomes which consist of non-volatile substances (oleoresins). A previous study reported the most significant categories among these are gingerols, shogaols, and paradols (Arcusa et al., 2022).
According to the outcomes of the ultrahigh-performance liquid chromatography (UHPLC), the active components in our extract were discovered to be [6]-gingerol and [6]-shogaol (0.6% w/w). The main polyphenols in fresh ginger are [6]-gingerols, however with heat treatment or prolonged storage, gingerols can change into their corresponding [6]-shogaols (An et al., 2016). Among the factors influencing this transformation are acidity, temperature, and the length of the extraction (Ghasemzadeh et al., 2018). When [6]-gingerols are converted into [6]-shogaols, it takes place in an acidic aquatic environment (Ghasemzadeh et al., 2018). The acidic solutions facilitate the dehydration of 6-gingerol to produce 6-shogaol. In aqueous solutions, these acids form different anions which can catalyze the conversion of gingerols to the corresponding shogaols. In line with this, we observed an increased level of [6]-shogaols with increased of extraction time in soilless ginger. A similar increase in other extracted phytochemicals was observed using soilless culture compared to soil-based plants (Verdoliva et al., 2021). Crop production and quality in soil and soilless systems depend on how well the plant absorbs nutrients from the growing medium, which is impacted by the number of nutrients present in the medium, the sources of the nutrients, or interactions between the different nutrients (Sambo et al., 2019). Active components in the material, which may disintegrate at high temperatures, can be preserved by drying them at a low temperature. However, it has been recommended that ginger be heated to increase its curative properties (Jung et al., 2018).
An earlier investigation revealed that ginger’s total phenolic content was linearly correlated with antioxidant activity (Ghasemzadeh et al., 2018). Prior work found that providing ginger to old animals successfully reduced DNA oxidative damage (Makpol et al., 2020). We supported this observation with our DPPH scavenging activity assays and FRAP activity assays. The organic nitrogen free radical known as the DPPH free radical has a deep purple colour which turned yellow during the test. Antioxidants contained in the ginger extract donate hydrogen in order to scavenge the DPPH free radical in the DPPH assay, which helped to create the non-radical form of DPPH (Mohd Sahardi et al., 2021). In FRAP assay, the identified antioxidant property changed the ferrous ion (Fe2+) from the ferric ion (Fe3+), causing a blue complex (Fe2+/TPTZ) to form (Spiegel et al., 2020). This is because antioxidants are reducing agents, which means they can aid in the reduction process by providing one electron or one hydrogen. In comparison to soilless ginger, we observed an increase in FRAP and DPPH radical scavenging activity with higher ginger extract concentrations and longer extraction periods. This increased antioxidant power can be due to the soil ginger’s higher yield of total [6]-gingerols and [6]-shogaols, which resulted in a higher presence of total α, and β-unsaturated ketones moieties than in soilless ginger. In comparison to Moringa oleifera, Kelulut honey (Mohd Sahardi et al., 2021), and other spices extracts (Abdul Qadir et al., 2017), ginger showed stronger antioxidant activity.
ROS are continuously produced via cell metabolism in trace amounts. However, excessive ROS production damages macromolecules and harms cells. Biomembranes can be destroyed by polyunsaturated fatty acids (PUFAs) that are esterified in membranes or store lipids due to ROS-induced peroxidation. It is produced from the peroxidation of arachidonic acid by free radicals without the aid of cyclooxygenase enzymes (Soffler et al., 2010). Ginger might reduce oxidative stress in ageing and diseased animal models. The increase in lipid peroxidation (LPO) that we saw in aged animals was also observed in pathological rat brains as reported by Sharma and Singh (2012). This study proposed that ginger ameliorated the condition, with a higher level of antioxidant enzyme activities including catalase observed, similar to our findings (Sharma and Singh, 2012). Numerous age-related disorders are linked to older individuals’ higher levels of lipid peroxide and malondialdehyde (MDA) end products and lower levels of antioxidants (Ali et al., 2022). LPO has been linked to the onset and progression of atherosclerotic illnesses, heart failure, and other cardiovascular disorders, according to several studies (Gianazza et al., 2020; Miyazawa, 2021). Measuring urine F2t isoprostanes is one of the most accurate indicators of oxidative stress in living organisms (Guerreiro et al., 2015). Although they are stable, they have distinct half-lives in the blood (minutes) and urine (hours) (Turnbull et al., 2017).
In practically all organs, including skeletal muscle, oxidative damage increases with ageing. Aged rats have been demonstrated to develop sarcopenia phenotype as a result of macromolecule oxidative damage (Makpol et al., 2020). The signaling pathways that control the protein synthesis and proteolysis in muscle have been reported to be impacted by the imbalance of the redox state (Di Filippo et al., 2016). Because of this, oxidative stress indicators for ageing such as creatine kinase (CK) have been utilized. Creatinine, a breakdown product of the muscle’s creatine phosphate has been used as a measure of age-related decline in muscle mass. There are three isoenzymes of creatine kinase (CK), known as creatine phosphokinase: CK1, CK2, and CK3. Skeletal muscle contains the isoenzyme CK3, which comprises MM subunits (Mourad, 2021). The CK-MM released into the bloodstream reflects the integrity, stability, and function of the plasma membrane as well as the manifestation of mechanical and metabolic abnormalities inside the sarcomere of skeletal muscle (Kumar and Gill, 2018).
In this investigation, urine isoprostane F2t, LPO, and MDA levels were significantly higher in untreated old rats. However, in both young and old rats, CK-MM, LPO, and MDA levels were shown to be significantly lower after ginger administration. The antioxidant qualities of ginger may account for this finding. According to other in-vivo research, ginger’s active ingredients can boost antioxidant defense mechanisms including glutathione peroxidase and glutathione S-transferase, as well as lower the levels of malondialdehyde (MDA) and hepatic steatosis (Rahimlou et al., 2016). Through the activation of nuclear factor erythroid 2 (NFE2)-related factor 2 (Nrf2) and the expression of various antioxidant enzymes, ginger supplementation strengthens the antioxidant defense system and may therefore balance the redox state manifested by decrease in lipid peroxidation products.
We looked at the effects of ginger extract on the activity of antioxidant enzymes such as superoxide dismutase (SOD) and catalase to determine whether the Nrf2-inducing action of the ginger extract is connected to its capacity to induce endogenous antioxidant enzymes (CAT). SOD and CAT, a hemoprotein that lowers H2O2 and protects tissue from highly reactive OH• radicals catalyze the dismutation of superoxide radicals. They are regarded as major enzymes because they directly eliminate reactive oxygen species and guard cytosolic and membrane components from free radical damage. In young, adult, and old ginger-treated rats, ginger increased catalase’s catalytic activity, while we noticed decreased SOD activity in the old rats. This was consistent with earlier research that reported ginger extract has potent antioxidant activities and can serve a similar purpose as antioxidant enzymes including catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase (SOD) (Rostamkhani et al., 2022). Ginger’s anti-inflammatory characteristics benefited type 2 diabetics with insulin resistance by improving glucose tolerance and uptake in the body, which led to a reduction in insulin resistance (Pakan et al., 2021). Previous research had also suggested that [6]-shogaol modified KEAP1, a redox sensor and prevented Nrf2 from being degraded by proteasomes. Under dormant conditions, the Nrf2 is associated with its Kelch-like ECH-associated protein 1 (KEAP1) by forming the Nrf2-KEAP1 complex. Different alterations in KEAP1 structure induced by ROS lead to its dissociation from this complex and activation of Nrf2. The expression of Nrf2 target genes rises as a result of Nrf2 being translocated into the nucleus. GSH and glutathione levels rise as a result, and ROS levels drop (Mao et al., 2019). By altering proteins and genes, the extra ROS created has the potential to start and advance inflammatory disease pathways.
Immune cells produce a variety of cytokines and chemokines during inflammation in order to draw additional immune cells to the area of oxidative stress or infection (Chatterjee, 2016). In this work, we explored the potential effects of ginger supplementation (200 mg/day) on reducing proinflammatory biomarkers in rats. TNF-α, IL-6, and CRP were the three plasma proinflammatory biomarkers that were chosen as inflammatory state indicators. Interleukin-6 (IL-6) is known as the cytokine of the gerontologist (Rea et al., 2018). Our findings demonstrated that adult rats had levels of IL-6 that were noticeably higher than those of young rats. In addition to being able to create particular cellular and humoral immune responses, such as end-stage B cell differentiation, immunoglobulin production, and T cell activation. IL-6 also plays a significant role in the transition between acute and chronic inflammation (Yousif et al., 2021). Through local leukocyte recruitment, death, and migration, it stimulates an immunological response that can quickly eradicate the harmful substance (Choy and Rose-John, 2017). Age-related mild increases in circulating IL-6 levels are known, and their excessive presence in blood serum is a risk factor and potential biomarker for a variety of inflammatory disorders (Pogue et al., 2017). The results of our study’s IL-6 measurements agreed with those of Song et al. (2021). It demonstrated a general decrease in IL-6 levels following ginger supplementation, though it was not statistically significant (Song et al., 2021). It is likely that the ginger dosage and/or supplementation period were not sufficient to significantly reduce the inflammatory cytokines.
TNF-α and IL-6 may be in a connection that is susceptible to negative feedback. These biomarkers have a direct correlation, whereby an increase in one causes a decrease in the other and vice versa, according to a study conducted on mice (Yimin and Kohanawa, 2006). It is still unknown how exactly this interaction works and how TNF-α and IL-6 play different roles. In this study, treatment with ginger significantly lowered plasma levels of TNF-α at 1.5 months and CRP at 3 months in young rats, supporting this observation. A previous study reported lower mRNA expression of TNF-α in the soleus muscle of physically active mice following supplementation of black ginger extract for 4 weeks (Toda et al., 2016). It is possible that ginger’s anti-inflammatory properties could improve a person’s health acutely. This validates earlier research’s findings that ginger supplementation may be able to prevent the COX-2 inflammatory pathway, which raises oxidative stress and unfavorable cytokine inflammation (Fajrin et al., 2021). In addition to decreasing NF-κB activity, [6]-gingerol also inhibits the production of TNF-α, cyclooxygenase 2, and the by-products it generates, such as PGE2. As a result, acute-phase proteins like CRP are blocked in this process, which is consistent with the findings reported previously (Mazidi et al., 2016). Randomized clinical trials corroborated ginger’s action in TNF-α reduction (Rahimlou et al., 2016). Our findings support the claims made by other researchers that the consumption of ginger significantly lowers serum of CRP and TNF-α but not IL-6 (Jalali et al., 2020; Morvaridzadeh et al., 2020). Thus, we propose ginger as a nutraceutical agent in controlling inflammatory disorders due to its clinically substantial lowering CRP and TNF-α levels activities.
5 CONCLUSION
High biological activity in the soil and soilless ginger extracts is possible with sub-critical water extraction without hazardous solvents. Based on the current study’s findings, we confirmed that the SWE of both soil and soilless ginger possessed comparable antioxidant properties.
6 RECOMMENDATION
Further study is required to assess TNF-α and CRP levels in old rats since we did not measure them in this study design. However, soil ginger produced a higher yield of extracts with a more prominent antioxidant activity. The SWE of soil ginger treatment on the different ages of SD rats ameliorates oxidative stress and inflammation responses. This could serve as the basis for developing a nutraceutical agent that can be used as a therapeutic intervention for ageing-related diseases while minimizing the dangers associated with toxicological waste that will affect the environment in addition to being safe for human health. More data will be required from future research in order to establish clinical results, efficacy, and safety in a clinical context, as well as to understand the pathway modification of these polyphenols in reducing oxidative stress and their inflammatory response.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
ETHICS STATEMENT
The experimental plan involving animals were reviewed and approved by Universiti Kebangsaan Malaysia Animal Ethics Committee (UKMAEC Approval Number: BIOK/PP/2018/SUZANA/14-MAY/924-JUNE-2018-MAY-2020).
AUTHOR CONTRIBUTIONS
MMS, JKT, HKG, and MFMN have engaged in the research and in the collecting of data; NFAS, SNAZ, NAR, NHH, and AMR performed experiments and processed data with equal contributions; AMR and SM drafted and revised the paper. SM designed this study.
FUNDING
The Ministry of Higher Education (PRGS/1/2021/SKK0/UKM/01/1) provided funding for this study.
ACKNOWLEDGMENTS
The Department of Biochemistry, Faculty of Medicine, Universiti Kebangsaan Malaysia researchers and staff members contributed to this study, and the authors are grateful for their assistance.
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.
REFERENCES
 Abdul Qadir, M., Shahzadi, S. K., Bashir, A., Munir, A., and Shahzad, S. (2017). Evaluation of phenolic compounds and antioxidant and antimicrobial activities of some common herbs. Int. J. Anal. Chem. 2017, 3475738. doi:10.1155/2017/3475738
 Abdullahi, A., Khairulmazmi, A., Yasmeen, S., Ismail, I. S., Norhayu, A., Sulaiman, M. R., et al. (2020). Phytochemical profiling and antimicrobial activity of ginger (Zingiber officinale) essential oils against important phytopathogens. Arabian J. Chem. 13 (11), 8012–8025. doi:10.1016/j.arabjc.2020.09.031
 Aghamohammadi, D., Dolatkhah, N., Shakouri, S. K., Hermann, P., and Eslamian, F. (2020). Ginger (zingiber officinale) and turmeric (curcuma longa L.) supplementation effects on quality of life, body composition, bone mineral density and osteoporosis related biomarkers and micro-RNAs in women with postmenopausal osteoporosis: A study protocol for a randomized controlled clinical trial. J. Complement. Integr. Med. 18 (1), 131–137. doi:10.1515/jcim-2020-0017
 Ali, J., Aziz, M. A., Rashid, M. M. O., Basher, M. A., and Islam, M. S. (2022). Propagation of age-related diseases due to the changes of lipid peroxide and antioxidant levels in elderly people: A narrative review. Health Sci. Rep. 5 (3), e650. doi:10.1002/hsr2.650
 An, K., Zhao, D., Wang, Z., Wu, J., Xu, Y., and Xiao, G. (2016). Comparison of different drying methods on Chinese ginger (Zingiber officinale Roscoe): Changes in volatiles, chemical profile, antioxidant properties, and microstructure. Food Chem. 197, 1292–1300. doi:10.1016/j.foodchem.2015.11.033
 Arcusa, R., Villaño, D., Marhuenda, J., Cano, M., Cerdà, B., and Zafrilla, P. (2022). Potential role of ginger (zingiber officinale roscoe) in the prevention of neurodegenerative diseases. Front. Nutr. 9, 809621. doi:10.3389/fnut.2022.809621
 Askari, G., Aghajani, M., Salehi, M., Najafgholizadeh, A., Keshavarzpour, Z., Fadel, A., et al. (2020). The effects of ginger supplementation on biomarkers of inflammation and oxidative stress in adults: A systematic review and meta-analysis of randomized controlled trials. J. Herb. Med. 22, 100364. doi:10.1016/j.hermed.2020.100364
 Bekkouch, O., Dalli, M., Harnafi, M., Touiss, I., Mokhtari, I., Assri, S. E., et al. (2022). Ginger (zingiber officinale roscoe), lemon (citrus limon L.) juices as preventive agents from chronic liver damage induced by CCl4: A biochemical and histological study. Antioxidants 11 (2), 390. doi:10.3390/antiox11020390
 Carpentieri, S., Soltanipour, F., Ferrari, G., Pataro, G., and Donsì, F. (2021). Emerging green techniques for the extraction of antioxidants from agri-food by-products as promising ingredients for the food industry. Antioxidants 10 (9), 1417. doi:10.3390/antiox10091417
 Chatterjee, S. (2016). “Chapter two - oxidative stress, inflammation, and disease,” in Oxidative stress and biomaterials ed . Editors T. Dziubla, and D. A. Butterfield (Cambridge: Academic Press), 35–58. doi:10.1016/b978-0-12-803269-5.00002-4
 Chaves, J. O., de Souza, M. C., da Silva, L. C., Lachos-Perez, D., Torres-Mayanga, P. C., Machado, A. P. d. F., et al. (2020). Extraction of flavonoids from natural sources using modern techniques. Front. Chem. 8, 507887. doi:10.3389/fchem.2020.507887
 Choy, E., and Rose-John, S. (2017). Interleukin-6 as a multifunctional regulator: Inflammation, immune response, and fibrosis. J. Scleroderma Relat. Disord. 2, S1–S5. doi:10.5301/jsrd.5000265
 Di Filippo, E. S., Mancinelli, R., Pietrangelo, T., La Rovere, R. M., Quattrocelli, M., Sampaolesi, M., et al. (2016). Myomir dysregulation and reactive oxygen species in aged human satellite cells. Biochem. Biophys. Res. Commun. 473 (2), 462–470. doi:10.1016/j.bbrc.2016.03.030
 Dias, A. L. B., de Aguiar, A. C., and Rostagno, M. A. (2021). Extraction of natural products using supercritical fluids and pressurized liquids assisted by ultrasound: Current status and trends. Ultrason. Sonochemistry 74, 105584. doi:10.1016/j.ultsonch.2021.105584
 Ebrahimzadeh Attari, V., Somi, M. H., Asghari Jafarabadi, M., Ostadrahimi, A., Moaddab, S.-Y., and Lotfi, N. (2019). The gastro-protective effect of ginger (zingiber officinale roscoe) in Helicobacter pylori positive functional dyspepsia. Adv. Pharm. Bull. 9 (2), 321–324. doi:10.15171/apb.2019.038
 Fajrin, F. A., Hidayanti, E. D., Khoiroh, N. L., Sulistyaningrum, G., Imandasari, N., Afifah, A., et al. (2021). Red ginger oil affects COX-2 and NMDAR expression during inflammatory- or neuropathy-induced chronic pain in mice. Jundishapur J. Nat. Pharm. Prod. 16 (4). doi:10.5812/jjnpp.112353
 Fussy, A., and Papenbrock, J. (2022). An overview of soil and soilless cultivation techniques—chances, challenges and the neglected question of sustainability. Plants 11, 1153. doi:10.3390/plants11091153
 Garcia, E. J., Oldoni, T. L., Alencar, S. M., Reis, A., Loguercio, A. D., and Grande, R. H. (2012). Antioxidant activity by DPPH assay of potential solutions to be applied on bleached teeth. Braz Dent. J. 23 (1), 22–27. doi:10.1590/s0103-64402012000100004
 Ghasemzadeh, A., Jaafar, H., Baghdadi, A., and Tayebi-Meigooni, A. (2018). Formation of 6-8- and 10-shogaol in ginger through application of different drying methods: Altered antioxidant and antimicrobial activity. Molecules 23 (7), 1646. doi:10.3390/molecules23071646
 Gianazza, E., Brioschi, M., Martinez Fernandez, A., Casalnuovo, F., Altomare, A., Aldini, G., et al. (2020). Lipid peroxidation in atherosclerotic cardiovascular diseases. Antioxidants Redox Signal. 34 (1), 49–98. doi:10.1089/ars.2019.7955
 Guerreiro, G., Mescka, C. P., Sitta, A., Donida, B., Marchetti, D., Hammerschmidt, T., et al. (2015). Urinary biomarkers of oxidative damage in maple syrup urine disease: The L-carnitine role. Int. J. Dev. Neurosci. 42, 10–14. doi:10.1016/j.ijdevneu.2015.02.003
 Halimin, N. M. S., Abdullah, M. O., Wahab, N. A., Junin, R., Husaini, A. A. S. A., and Agi, A. (2022). Oil extracts from fresh and dried Iban ginger. Chin. J. Anal. Chem. 50 (8), 100119. doi:10.1016/j.cjac.2022.100119
 Hamezah, H. S., Durani, L. W., Ibrahim, N. F., Yanagisawa, D., Kato, T., Shiino, A., et al. (2017). Volumetric changes in the aging rat brain and its impact on cognitive and locomotor functions. Exp. Gerontol. 99, 69–79. doi:10.1016/j.exger.2017.09.008
 Hou, Y., Dan, X., Babbar, M., Wei, Y., Hasselbalch, S., Croteau, D., et al. (2019). Ageing as a risk factor for neurodegenerative disease. Nat. Rev. Neurol. 15, 565–581. doi:10.1038/s41582-019-0244-7
 Hur, J., Lee, Y., Lee, C. J., Park, H.-Y., and Choi, S. Y. (2020). 6-shogaol suppresses oxidative damage in L6 muscle cells. Appl. Biol. Chem. 63 (1), 57. doi:10.1186/s13765-020-00544-8
 Jalali, M., Mahmoodi, M., Moosavian, S. P., Jalali, R., Ferns, G., Mosallanezhad, A., et al. (2020). The effects of ginger supplementation on markers of inflammatory and oxidative stress: A systematic review and meta-analysis of clinical trials. Phytotherapy Res. 34 (8), 1723–1733. doi:10.1002/ptr.6638
 Jang, D. I., Lee, A. H., Shin, H. Y., Song, H. R., Park, J. H., Kang, T. B., et al. (2021). The role of tumor necrosis factor alpha (TNF-α) in autoimmune disease and current TNF-α inhibitors in therapeutics. Int. J. Mol. Sci. 22 (5), 2719. doi:10.3390/ijms22052719
 Joshi, D. R., and Adhikari, N. (2019). An overview on common organic solvents and their toxicity. J. Pharm. Res. Int. 28 (3), 1–18. doi:10.9734/jpri/2019/v28i330203
 Jung, M. Y., Lee, M. K., Park, H. J., Oh, E.-B., Shin, J. Y., Park, J. S., et al. (2018). Heat-induced conversion of gingerols to shogaols in ginger as affected by heat type (dry or moist heat), sample type (fresh or dried), temperature and time. Food Sci. Biotechnol. 27 (3), 687–693. doi:10.1007/s10068-017-0301-1
 Kumar, V., and Gill, K. D. (2018). “To measure activity of creatine kinase in serum,” in Basic concepts in clinical Biochemistry: A practical guide ed . Editors V. Kumar, and K. D. Gill (Singapore: Springer Singapore), 131–133. doi:10.1007/978-981-10-8186-6_33
 Ko, M.-Y., Nam, H.-H., and Chung, M.-S. (2020). Subcritical water extraction of bioactive compounds from Orostachys japonicus A. Berger (Crassulaceae). Sci. Rep. 10 (1), 10890. doi:10.1038/s41598-020-67508-2
 Makpol, S., Abdul Sani, N. F., Hakimi, N. H., Ab Rani, N., Zakaria, S. N. A., Abd Rasid, A. F., et al. (2020). Zingiber officinale roscoe prevents DNA damage and improves muscle performance and bone integrity in old Sprague Dawley rats. Evidence-Based Complementary Altern. Med. 2020, 1–18. doi:10.1155/2020/3823780
 Mao, Q. Q., Xu, X. Y., Cao, S. Y., Gan, R. Y., Corke, H., Beta, T., et al. (2019). Bioactive compounds and bioactivities of ginger (zingiber officinale roscoe). Foods 8 (6), 185. doi:10.3390/foods8060185
 Marsh, L., Hashem, F., and Smith, B. (2021). Organic ginger (<i&amp;gt;Zingiber officinale&amp;lt;/i&amp;gt; rosc.) development in a short temperate growing season: Effect of seedling transplant type and mycorrhiza application. Am. J. Plant Sci. 12 (03), 315–328. doi:10.4236/ajps.2021.123020
 Mas-Bargues, C., Escrivá, C., Dromant, M., Borrás, C., and Viña, J. (2021). Lipid peroxidation as measured by chromatographic determination of malondialdehyde. Human plasma reference values in health and disease. Archives Biochem. Biophysics 709, 108941. doi:10.1016/j.abb.2021.108941
 Mazidi, M., Gao, H.-K., Rezaie, P., and Ferns, G. A. (2016). The effect of ginger supplementation on serum C-reactive protein, lipid profile and glycaemia: A systematic review and meta-analysis. Food Nutr. Res. 60, 32613. doi:10.3402/fnr.v60.32613
 Miyazawa, T. (2021). Lipid hydroperoxides in nutrition, health, and diseases. Proc. Jpn. Acad. Ser. B, Phys. Biol. Sci. 97 (4), 161–196. doi:10.2183/pjab.97.010
 Mohd Sahardi, N. F. N., Jaafar, F., Zakaria, S. N. A., Tan, J. K., Mad Nordin, M. F., and Makpol, S. (2021). Comparison of the antioxidant activity of Malaysian ginger (zingiber officinale roscoe) extracts with that of selected natural products and its effect on the viability of myoblast cells in culture. Sains Malays. 50 (5), 1445–1456. doi:10.17576/jsm-2021-5005-23
 Mohd, Y. S., Manas, M. A., Jaafar sidik, N., Ahmad, R., and Yaacob, A. (2015). Effects of organic substrates on growth and yield of ginger cultivated using soilless culture. 44, 63–68. http://journalarticle.ukm.my/10346/1/44_1_12.pdf. 
 Mohd, Y. S., Manas, M. A., Shahid, M., and Darus, K. (2012). Effects of substrates on growth and yield of ginger cultivated using soilless culture. J. Trop. Agric. Food Sci. 40 (2), 159–168. http://jtafs.mardi.gov.my/jtafs/40-2/Soilless%20culture.pdf. 
 Morvaridzadeh, M., Fazelian, S., Agah, S., Khazdouz, M., Rahimlou, M., Agh, F., et al. (2020). Effect of ginger (zingiber officinale) on inflammatory markers: A systematic review and meta-analysis of randomized controlled trials. Cytokine 135, 155224. doi:10.1016/j.cyto.2020.155224
 Mourad, B. H. (2021). Prevalence of work-related musculoskeletal disorders among Egyptian printing workers evidenced by using serum biomarkers of inflammation, oxidative stress, muscle injury, and collagen type I turnover. Toxicol. Ind. Health 37 (1), 748233720977399–22. doi:10.1177/0748233720977399
 Nandi, A., Yan, L.-J., Jana, C. K., and Das, N. (2019). Role of catalase in oxidative stress- and age-associated degenerative diseases. Oxidative Med. Cell. Longev. 2019, 9613090. doi:10.1155/2019/9613090
 Nobile, V., Michelotti, A., Cestone, E., Caturla, N., Castillo, J., Benavente-García, O., et al. (2016). Skin photoprotective and antiageing effects of a combination of rosemary (Rosmarinus officinalis) and grapefruit (Citrus paradisi) polyphenols. Food Nutr. Res. 60, 31871. doi:10.3402/fnr.v60.31871
 Opuni, K. F. M., Togoh, G., Frimpong-Manso, S., Adu-Amoah, D., Alkanji, O., and Boateng, K. P. (2021). Monitoring of residual solvent contamination in herbal medicinal products in Ghana: A pilot study. Sci. Afr. 13, e00825. doi:10.1016/j.sciaf.2021.e00825
 Osman, A. M. E., Taj Eldin, I. M., Elhag, A. M., Elhassan, M. M. A., and Ahmed, E. M. M. (2021). In-vitro anticancer and cytotoxic activity of ginger extract on human breast cell lines. Khartoum J. Pharm. Sci. 1 (1). doi:10.53332/kjps.v1i1.39
 Pakan, P., Lidia, K., and Riwu, M. (2021). Investigation of ginger (Zingiber officinale) aqueous extract as an anti-diabetic in vitro. IOP Conf. Ser. Earth Environ. Sci. 913 (1), 012108. doi:10.1088/1755-1315/913/1/012108
 Petersen, K. S., and Smith, C. (2016). Ageing-associated oxidative stress and inflammation are alleviated by products from grapes. Oxid. Med. Cell Longev. 2016, 6236309. doi:10.1155/2016/6236309
 Pogue, A. I., Jaber, V., Zhao, Y., and Lukiw, W. J. (2017). Systemic inflammation in C57bl/6J mice receiving dietary aluminum sulfate; up-regulation of the pro-inflammatory cytokines IL-6 and TNFα, C-reactive protein (CRP) and miRNA-146a in blood serum. J. Alzheimers Dis. Park. 7 (6), 403. doi:10.4172/2161-0460.1000403
 Rahimlou, M., Yari, Z., Hekmatdoost, A., Alavian, S. M., and Keshavarz, S. A. (2016). Ginger supplementation in nonalcoholic fatty liver disease: A randomized, double-blind, placebo-controlled pilot study. Hepat. Mon. 16 (1), e34897. doi:10.5812/hepatmon.34897
 Rea, I. M., Gibson, D. S., McGilligan, V., McNerlan, S. E., Alexander, H. D., and Ross, O. A. (2018). Age and age-related diseases: Role of inflammation triggers and cytokines. Front. Immunol. 9, 586. doi:10.3389/fimmu.2018.00586
 Rostamkhani, H., Faghfouri, A. H., Veisi, P., Rahmani, A., Noshadi, N., and Ghoreishi, Z. (2022). The protective antioxidant activity of ginger extracts (zingiber officinale) in acute kidney injury: A systematic review and meta-analysis of animal studies. J. Funct. Foods 94, 105111. doi:10.1016/j.jff.2022.105111
 Sanada, F., Taniyama, Y., Muratsu, J., Otsu, R., Shimizu, H., Rakugi, H., et al. (2018). Source of chronic inflammation in aging. Front. Cardiovasc. Med. 5, 12. doi:10.3389/fcvm.2018.00012
 Sambo, P., Nicoletto, C., Giro, A., Pii, Y., Valentinuzzi, F., Mimmo, T., et al. (2019). Hydroponic solutions for soilless production systems: Issues and opportunities in a smart agriculture perspective. Front. Plant Sci. 10, 923. doi:10.3389/fpls.2019.00923
 Sapkota, A., Park, S. J., and Choi, J. W. (2019). Neuroprotective effects of 6-shogaol and its metabolite, 6-paradol, in a mouse model of multiple sclerosis. Biomol. Ther. 27 (2), 152–159. doi:10.4062/biomolther.2018.089
 Seo, S. H., Fang, F., and Kang, I. (2021). Ginger (zingiber officinale) attenuates obesity and adipose tissue remodeling in high-fat diet-fed C57bl/6 mice. Int. J. Environ. Res. Public Health 18 (2), 631. doi:10.3390/ijerph18020631
 Sharma, P., and Singh, R. (2012). Dichlorvos and lindane induced oxidative stress in rat brain: Protective effects of ginger. Pharmacogn. Res. 4 (1), 27–32. doi:10.4103/0974-8490.91031
 Shuhaimi, M., Mohamad, A., and Adzemi, M. (2016). Effects of seed rhizome size on growth and yield of ginger cultivated using fertigation system. J. Trop. Agric. Food S. C. 44 (2), 211–218. http://jtafs.mardi.gov.my/jtafs/44-2/ginger.pdf. 
 Soffler, C., Campbell, V. L., and Hassel, D. M. (2010). Measurement of urinary F2-isoprostanes as markers of in vivo lipid peroxidation: A comparison of enzyme immunoassays with gas chromatography–mass spectrometry in domestic animal species. J. Veterinary Diagnostic Investigation 22 (2), 200–209. doi:10.1177/104063871002200205
 Song, M.-Y., Lee, D.-Y., Park, S.-Y., Seo, S.-A., Hwang, J.-S., Heo, S.-H., et al. (2021). Steamed ginger extract exerts anti-inflammatory effects in Helicobacter pylori-infected gastric epithelial cells through inhibition of NF-κB. J. cancer Prev. 26 (4), 289–297. doi:10.15430/JCP.2021.26.4.289
 Soquetta, M. B., Terra, L. d. M., and Bastos, C. P. (2018). Green technologies for the extraction of bioactive compounds in fruits and vegetables. CyTA - J. Food 16 (1), 400–412. doi:10.1080/19476337.2017.1411978
 Spiegel, M., Kapusta, K., Kołodziejczyk, W., Saloni, J., Żbikowska, B., Hill, G. A., et al. (2020). Antioxidant activity of selected phenolic acids-ferric reducing antioxidant power assay and QSAR analysis of the structural features. Molecules 25 (13), 3088. doi:10.3390/molecules25133088
 Sproston, N. R., and Ashworth, J. J. (2018). Role of C-reactive protein at sites of inflammation and infection. Front. Immunol. 9, 754. doi:10.3389/fimmu.2018.00754
 Taso, O. V., Philippou, A., Moustogiannis, A., Zevolis, E., and Koutsilieris, M. (2019). Lipid peroxidation products and their role in neurodegenerative diseases. Ann. Res. Hosp. 3, 2. doi:10.21037/arh.2018.12.02
 Thimraj, T. A., George, L., Asrafuzzaman, S., Upadhyay, S., and Ganguly, K. (2018). “Chapter 7 - oxidative signaling in chronic obstructive airway diseases,” in Immunity and inflammation in health and disease ed . Editors S. Chatterjee, W. Jungraithmayr, and D. Bagchi (Cambridge: Academic Press), 79–98. doi:10.1016/b978-0-12-805417-8.00007-x
 Toda, K., Hitoe, S., Takeda, S., and Shimoda, H. (2016). Black ginger extract increases physical fitness performance and muscular endurance by improving inflammation and energy metabolism. Heliyon 2 (5), e00115. doi:10.1016/j.heliyon.2016.e00115
 Truong, D.-H., Nguyen, D. H., Ta, N. T. A., Bui, A. V., Do, T. H., and Nguyen, H. C. (2019). Evaluation of the use of different solvents for phytochemical constituents, antioxidants, and in vitro anti-inflammatory activities of Severinia buxifolia. J. Food Qual. 2019, 8178294. doi:10.1155/2019/8178294
 Turnbull, C. D., Akoumianakis, I., Antoniades, C., and Stradling, J. R. (2017). Overnight urinary isoprostanes as a marker of oxidative stress in obstructive sleep apnoea. Eur. Respir. J. 49 (2), 1601787. doi:10.1183/13993003.01787-2016
 Verdoliva, S. G., Gwyn-Jones, D., Detheridge, A., and Robson, P. (2021). Controlled comparisons between soil and hydroponic systems reveal increased water use efficiency and higher lycopene and β-carotene contents in hydroponically grown tomatoes. Sci. Hortic. 279, 109896. doi:10.1016/j.scienta.2021.109896
 Yimin, , and Kohanawa, M. (2006). A regulatory effect of the balance between TNF-alpha and IL-6 in the granulomatous and inflammatory response to Rhodococcus aurantiacus infection in mice. J. Immunol. 177 (1), 642–650. doi:10.4049/jimmunol.177.1.642
 Yousif, A. S., Ronsard, L., Shah, P., Omatsu, T., Sangesland, M., Bracamonte Moreno, T., et al. (2021). The persistence of interleukin-6 is regulated by a blood buffer system derived from dendritic cells. Immunity 54 (2), 235–246.e5. doi:10.1016/j.immuni.2020.12.001
 Zammel, N., Saeed, M., Bouali, N., Elkahoui, S., Alam, J. M., Rebai, T., et al. (2021). Antioxidant and anti-inflammatory effects of zingiber officinale roscoe and allium subhirsutum: In silico, biochemical and histological study. Foods 10 (6), 1383. doi:10.3390/foods10061383
 Zhou, M., Xu, R., Kaelber, D. C., and Gurney, M. E. (2020). Tumor Necrosis Factor (TNF) blocking agents are associated with lower risk for Alzheimer's disease in patients with rheumatoid arthritis and psoriasis. PLoS One 15 (3), e0229819. doi:10.1371/journal.pone.0229819
Conflict of interest: Author HKG was employed by company Millercle Resources Sdn Bhd. Author MFMN was employed by company AM Zaideen Ventures Sdn Bhd.
The remaining 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.
Copyright © 2023 Razak, Zakaria, Abdul Sani, Ab Rani, Hakimi, Mohd Said, Tan, Gan, Mad Nordin and Makpol. 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.
OPS/images/fphar-14-1006265-t004.jpg
Concentration pig/mL.

Mean FRAP valu

50

TRE
vire
s
A0
ns
a0
B
B0
s

B20

0020
0020
020
020
0020
00
020
020
00

00040

38812723
ey
000287
0002 1729
0002 2097
0002756
000 1452
000+255
000 3075

000+ 17.66

15252 1664
20881 = 1890
3608 2 435
4525 %1828
2563 2 1701
12672294
45812591
28312801
2672333

1878 509

AS, A10, ALS and A20 denote solless ginger groups. B, BIO, BIS, 20 denate sofl ginger roups.

p<0.05 signficanly diferent compared o TRF,

'p<0.05 significanty difeent compared o Vit G,

<005 signfcantly difrent compared 0 AS,
'p<0.05 significanty difernt compared to AI0,
<005 signfcanly diffrent compared o A1S.
<005 sigaificantly different compared to A2,
<005 significanly difrent compared 0 B5,

'p<005 sgniicantly diffeent compared to B10,
<005 signifianty different compared to BIS,
5 davifcesely

18733 1928
26993 % 1686
9636 % 1168
8856 2 699
6600+ 1975
1600 2 441
50255682
5497 2668
6156 22016

72015 1602

36137 £ 2150
36137 £ 1249
138312 1229
13664 £994
16822 £ 15.40
11896 £ 1976

23886 21435

25831 £ 177
17489 £ 1508

16767 £928

78363 + 1697
56215 1913
15942 2 2866
17025 £ 363
293 = 1262
20563 1026

43636 £ 536

747 £ 1254800

26989 = 1437

2711 £ 1437

1083.63 1358
94141 = 2053
20636+ 1357
23608 + 2800
25785 2 706
259702 632

54886 £ 1686%

48831 = 1768
36133 21093

4267 £ 18565

131101 % 1810
138659 + 2470
34553 21125
32014 2459
30970 2525
30896 2 563

56136 + 822

56553 £ 1941

607.67 = 832

66322 £ 255





OPS/xhtml/nav.xhtml
Contents

		Cover

		A subcritical water extract of soil grown Zingiber officinale Roscoe: Comparative analysis of antioxidant and anti-inflammatory effects and evaluation of bioactive metabolites		1 Introduction

		2 Materials and methods		2.1 Plant materials

		2.2 Extraction

		2.3 Chromatographic analysis

		2.4 Preparation of controls for ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays

		2.5 DPPH free radical scavenging activity

		2.6 FRAP assay

		2.7 Animal model

		2.8 Urine collection

		2.9 Blood collection

		2.10 Euthanisation of animals

		2.11 Collection of organs

		2.12 MDA analysis

		2.13 Antioxidant enzyme activity

		2.14 Analysis of urinary oxidative stress

		2.15 Analysis of creatine kinase-MM (CK-MM)

		2.16 Analysis of skeletal muscle oxidative stress

		2.17 Measurement of inflammatory biomarkers

		2.18 Statistical analysis





		3 Results		3.1 Determination of total yield of dry extract

		3.2 Total amount of phenolic compounds, [6]-Gingerol and [6]-Shogaol (µg/mL)

		3.3 Total percentage of phenolic compounds, [6]-Gingerol and [6]-Shogaol (%)

		3.4 DPPH radical scavenging activity

		3.5 FRAP activities

		3.6 Level of oxidative stress markers in the tissue, plasma, and urine

		3.7 Level of antioxidant enzymes

		3.8 Level of plasma pro-inflammatory biomarkers





		4 Discussion

		5 Conclusion

		6 Recommendation

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/fphar-14-1006265-t003.jpg
Concentration ug/mL

% DPPH radical scavenging activity assay

100 200
Vit C 00£0 | 4335+78 8222498 87.86 + 04 88.20 £ 1.0 8812+ 04 86.06 + 1.0 8576 + 1.6
TRE 00£0 | 3375+87 | 5495258 82.95 £ 50 87.84 £ 4.0 9051 %22 89.40 +20 8968 + 15
A5 00£0 00 £3.6 386+ 2.1 1177 £ 24 2048 £ 2.1 35642 10 5779 + 64 50.90 + 4.1
Al0 00£0 0007 43838 892+ 26 15.06 £ 4.0 2670 % 36 4686 +93 67.19 %63
Al 00 %0 00 £0.7 00 +34 66925 17.54£25 2618+ 7.1 5573 + 48 6LI8 £ 15
A20 0000 | 000445 3.67 + 04 844 +336 1329 + 266 2502 + 245 5266 £396 | 5202+ 175%
B 00£0 00 £ 3.64 00 £ 598 LIL£091° | 1402%1245 2596 + 971 5537 £218 | 7146 £ 244*
B10 000£0 | 000%223 000284 457 £ 196 671 +1.16 19.93 £ 367 4705 £189 | 6836 + 104"
| BI5 00£0 00 £ 037 00 £ 258 631+ 481 1184 £587 2668+ 1394 | 5372506 6998 +275
B20 00£0 00 £ 176 428+ 191 842 + 246 19.86 + 139 3162+ 124 | 5490 £ 1147 66.16 + 12.9

A5, A10, A15 and A20 denote soilless ginger groups. BS, BI0, BI5, B20 denote soil ginger groups, *p < .05 significantly different compared to Vit C, #p < 005 significantly different compared to TRF,
ap<.05 significantly different compared to soilless ginger at similar concentration, bp<.05 significantly different compared to A5 at similar concentration, cp<.05 significantly different compared to A20 at

PSS -






OPS/images/math_qu2.gif





OPS/images/math_qu1.gif
Extraction yield (% yield) = (W1%100) /W2





OPS/images/fphar-14-1006265-t002.jpg
MDA (uMm) Working standard
10 900 100
20 800 200
30 700 300
40 600 400
50 500 500






OPS/images/fphar-14-1006265-t001.jpg
HPLC

Parameters

Column

Mobile phase

Flow rate

Detector

Condition

Cyy reversed-phase column

As the mobile phases A and B, respectively, we utilized water
and 100% acetonitrile (Merck, Germany). The active
components of ginger were separated as follows: the
volumetric ratio was 70:30 from 0 to 15 min; 5.0:95 from 15
to 16 min; 5.0:95 from 16 to 17 min; and 70:30 from 17 to
20 min.

0.4 mL/min

Photodiode array (PDA) at 282 nm









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





OPS/images/fphar-14-1006265-g005.gif





OPS/images/fphar-14-1006265-g006.gif





OPS/images/fphar-14-1006265-g003.gif
Total amount of [6-gingerol

Toatamount of 6}-shogaol






OPS/images/fphar-14-1006265-g004.gif
lotal percentage of [6-gingerol

Total percentage of (6} shogaol

B i ey

s

xtraction dme (min)





OPS/images/fphar-14-1006265-g009.gif
W§‘\\\\\,






OPS/images/fphar-14-1006265-g007.gif





OPS/images/fphar-14-1006265-g008.gif
o TetalSupenoxive Sramurase (F-SLN) activity:






OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

A subcritical water extract of soil
grown Zingiber officinale
Roscoe: Comparative analysis of
antioxidant and anti-
inflammatory effects and
evaluation of bioactive
metabolites





OPS/images/fphar-14-1006265-g001.gif
SWE extraction of soil and solies giger
e

Subentiosoidra: 252 g

:

oyl 6 g 5 g o
e

oo of sniovsan proeeis b sl il

PP FRAP sy

.
[T ——
20 W, o N 10k §

———————

Voung (3 monihs) “Adlt 3 mooths) ‘ 034 21 momns)

[eep—r— Dutrmtion of s
et b ey [e—
r.son

D, L0, Uriary 15 sprostne,






OPS/images/fphar-14-1006265-g002.gif
B Percentage ied of dricd






OPS/images/math_qu3.gif
proprron wonof Pesmpe e (P2 D x el
e et Y ¥y Pt sywpy y empyvTeTerroc






