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	An increase in free radicals in the body causes oxidative stress. Therefore, our body needs exogenous antioxidants. This study aimed to determine the antioxidant activity of crude and defatted polysaccharide extracts from water lettuce (Pistia stratiotes) leaf. The polysaccharide was extracted by hot-water extraction and defatted with acetone. The total sugar content was determined by the Phenol-Sulfuric acid method, the antioxidant activity by the 1,1-diphenyl-2-picrylhydrazyl (DPPH) method, and the functional group was analyzed by Fourier transform infrared (FT-IR) spectroscopy. The results showed that the total sugar of the crude polysaccharide (96.80±14.60 mg glucose eq./g dry sample) had a higher total sugar than the defatted polysaccharide (44.0±2.16 mg glucose eq./g dry sample). However, the antioxidant activity in defatted polysaccharides (IC50 0.406±0.011 mg/mL) more effectively inhibits free radicals than crude extract (IC50 0.484±0.028 mg/mL). The O-H, C-H, C=O, and C-O functional groups were identified in the polysaccharide extracts. The polysaccharides extract from water lettuce exhibits antioxidant activity. Therefore, the polysaccharide from water lettuce (P. stratiotes) leaf can be used as a source of antioxidant agents and as a food supplement.
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Introduction 
A free radical is a substance without unpaired electrons in the outer orbital and can cause oxidative stress. Oxidative stress is a condition in which free radicals have higher antioxidant potential in the body.1 Therefore, exogenous antioxidants are needed to resolve this condition through functional foods or food supplements. Generally, antioxidants contain several bioactive compounds, such as polyphenols, polysaccharides, oligosaccharides, vitamins, and minerals.2, 3 These compounds can be extracted from plants, such as water lettuce (Pistia stratiotes).
Water lettuce (P. stratiotes) is an aquatic floating plant that is widely found in tropical areas, including South Sumatra, Indonesia. A previous study reported that polyphenol compounds were successfully extracted from the leaf of this plant.4 Generally, polyphenol compounds are not only present in free forms in plants but are also found in conjugated forms with one or more sugar residues linked to a carbon atom of the aromatic ring or by β-glycosidic bonds to a hydroxyl group.5 Additionally, the leaf of the plant is also a source of polysaccharide compounds. As reported by the previous studies, polysaccharides were successfully extracted from the leaves of Nelumbo nucifera,6 Eucommia ulmoides,7 and Talinum triangulare.8 These polysaccharides showed some biological activities, including immunomodulatory effects,8 antioxidant activity,7 and alpha-glucoside inhibitor.9
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Polysaccharides can be extracted by hot water extraction, resulting in a crude polysaccharides extract. The crude polysaccharide is composed of some non-polysaccharide compounds, such as lipids, proteins, minerals, and pigments.10, 11 Therefore, the purification process is needed to remove some of these unwanted compounds, such as defatted lipid compounds, by using organic solvents such as methanol, n-hexane, and ethanol.12 Acetone is also generally used during the defatted process.13 Additionally, the defatted process is also used as a pretreatment of polysaccharides before analysis and it affected bioactivity assay.13, 14 However, there is yet no study reporting the effects of defatting the polysaccharides in water lettuce and its antioxidant activity. Therefore, this study aimed to determine the total sugar, antioxidant activity, and functional groups of the polysaccharides extracted from water lettuce (P. stratiotes) before and after the defatted process with acetone.
 
Materials and Methods 
Preparation, extraction, and defatting process
The fresh water lettuce (Pistia stratiotes) leaf was collected on September 2022 from Sukaraja Village, South Sumatra, Indonesia (3.233844° S, 104.674735° E). The sample collected was authenticated at the Microbiology and Biotechnology Laboratory of Fisheries Product Technology, Universitas Sriwijaya (FPT0015092022). The leaf was then cleaned with water and cut into small pieces. The small pieces were dried in the oven at 45ºC for 12 hours. After the drying process, the sample was ground to powder. The polysaccharide from the water lettuce leaf was extracted by the hot-water extraction method according to previous methods.10 Briefly, 10 g of dry sample was added into an Erlenmeyer flask containing 400 mL of distilled water (dH2O). The extraction was performed at 90ºC and stirred at 120 rpm by using a hot magnetic stirrer for 3 hours. After extraction time, the filtrate and supernatant were separated by centrifugation at 4,300 rpm for 20 minutes. The supernatant was collected and put into the new collection tube. The polysaccharide was then precipitated by using 95% ethanol for 24 hours at freeze temperature. The polysaccharide extract was collected by centrifugation at 4,300 rpm for 20 minutes and the filtrate was dried by using an oven-dryer to obtain polysaccharide powder, which was then kept at a cold temperature for further analysis. The polysaccharides were then defatted using an acetone solvent, according to the previous studies.15, 16 Briefly, the polysaccharides were mixed with acetone (1:3, w/v) at room temperature and stirred at 100 rpm for 15 minutes. The machine was centrifuged at 4,300 rpm for 20 minutes. The supernatant was removed, and the pellet containing defatted polysaccharides was dried by using an oven dryer to obtain defatted polysaccharide powder, which was then kept at a cold temperature for further analysis.
 
Total sugar analysis
The total sugar of the crude and defatted polysaccharide extracts was analyzed according to the previous method.17 Briefly, 10 mL of sample solution (5 mg/mL in 80% ethanol) was pipetted into the reaction tube and put in the water batch at 90ºC for 10 minutes. After the reaction time, it was cooled to room temperature. Then, 1 mL of the solution was mixed with 0.5 mL of 5% phenol (phenol in water, v/v). The mixture was added to 2.5 mL of 36 N sulfuric acid and incubated at room temperature for 20 minutes. The absorbance was immediately measured by a UV-Vis spectrophotometer at 490 nm. The glucose was used as a sugar standard. Therefore, the total sugar of the polysaccharide was expressed as mg glucose equivalent per gram of dried sample (mg glu.eq./g dry sample).
 
Antioxidant activity analysis
The antioxidant activity of the crude and defatted polysaccharides was determined by using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, according to the previous studies.18 Briefly, the extract was dissolved in methanol to make a serial concentration (0 – 1000 µg/mL). Then, 1 mL of the sample solution was mixed with 1 mL of 0.2 mM DPPH solution and incubated at 37ºC for 30 minutes. After the incubation time, the absorbance was immediately measured at 517 nm by using a UV-Vis spectrophotometer. The antioxidant activity was expressed as the inhibition of DPPH free radicals by the sample solution according to this formula:
 
Whereas: Absblank, absorbance at 517 nm without sample, Abssample, absorbance at 517 nm with sample.
 
FT-IR analysis
The functional groups, including the hydroxyl group and glycosidic linkage of the polysaccharides, were detected by using Fourier-transform infrared (FT-IR, InfraRed Bruker Tensor 37) according to the previous method.19 The FT-IR spectra of polysaccharides were obtained by mixing polysaccharides with potassium bromide, further, they were pressed to form pellets. 
 
Statistical analysis
All data are expressed as the mean ± standard deviation (SD) and analyzed by an independent sample t-test with a statistically significant test at p<0.05 using SPSS (v.22.0; IBM Corp., Armonk, NY, USA).
 
Results and Discussion
Extraction yield
In this study, the crude polysaccharide extract was successfully extracted by the hot-water extraction method from a water lettuce leaf. The yield of the crude polysaccharide was about 5.83±1.38%. A previous study also extracted polysaccharides by hot water extraction from Sargassum longifolium (temperature: 80ºC; yield: 3.76%).20 After the defatted process using acetone, the defatted polysaccharide yield was about 72.67±2.16%. This condition indicated that some compounds were successfully removed during the defatted process, including the fat of the extract. A previous study reported that the yield of the purification (defatting) process using some organic solvents was about 31.0% – 72.4%.21 Additionally, the defatted process is used to remove the fat from polysaccharides before polysaccharide analysis by using organic solvents such as acetone and ethanol.14, 22 Acetone also known as a dehydrating agent, is used to achieve complete lipid removal from polysaccharides.23
 
Total sugar content
The total sugar of the crude and defatted polysaccharides is shown in Figure 1. The total sugar of the polysaccharides was significantly (p<0.05) decreased after the defatted process, whereas the total sugar of the crude extract was about 97.55±20.65 mg glu.eq./g of dry sample. A previous study reported that polysaccharides from Lycium chinense ranged from 43.15 mg glucose/g to 53.29 mg glucose/g.24 Figure 1 also showed that the defatted polysaccharide was about 44.12±3.06 mg glu.eq./g of dry sample. Acetone was widely used to remove fat from polysaccharides.23 However, sugar compounds such as fructose and glucose were also partially dissolving in organic solvents, including acetone.25-27 Therefore, some sugar compounds were also removed during the defatting process by acetone.
 
Antioxidant activity
The antioxidants of the crude and defatted polysaccharides are shown in Figure 2. The antioxidant activity of the defatted extract was significantly (p<0.05) higher when compared to the crude extract. The half-maximum inhibitory concentration (IC50) of the crude extract was about 0.48±0.40 mg/mL, whereas the defatted extract was about 0.41±0.02 mg/mL. A previous study reported that polysaccharides were extracted from Ajwa date (Phoenix dactylifera) also showed antioxidant activity with the IC50 about 1.73 mg/mL to 3.39 mg/mL.28 The lower IC50 value indicated that the polysaccharides were more potent at scavenging DPPH radicals which implies a high antioxidant activity, and vice versa.29, 30 The ability of polysaccharides to scavenge free radicals produced by the body is referred to as their antioxidant activity.31 Polysaccharides can act as antioxidants through hydrogen atom transfer mechanism.32
 
Functional groups of the polysaccharide
The functional group of the polysaccharide extracts from water lettuce leaf is shown in Figure 3. The O–H stretching vibration was detected at 3419.84 cm-1 whereas, the C–H linkage was at 2918.98 cm-1. The carbonyl (C=O) stretching has appeared at 1646.49 cm-1 whereas, the glycosidic linkage C–O–C at 1076.12 cm-1. The functional group was analyzed according to previous reference.33 A previous study also detected the O–H stretching (3430.6 cm-1), C–H linkage (2940.3 cm-1), carbonyl stretching (1630.4 cm-1), and glycosidic linkage (1030.5 cm-1) from Acacia tortilis polysaccharides.19 Additionally, the peaks at 950–1200 cm-1 were attributed to the heavy atoms C–C and C–O stretching vibrations in the pyran ring of the polysaccharides.34
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Figure 1: Total sugar contents of crude and defatted polysaccharides from water lettuce (Pistia stratiotes) leaf. Data are shown as the mean ± SD (n=3). Statistically significance at *p<0.05 versus defatted extract.
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Figure 2: Antioxidant activity of crude and defatted polysaccharides from water lettuce (Pistia stratiotes) leaf. Data are shown as the mean ± SD (n=3). Statistically significance at *p<0.05 versus defatted extract.
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Figure 3: The FT-IR spectra of polysaccharide from water lettuce (Pistia stratiotes) leaf.
 
Conclusion                 
Overall, the polysaccharide from water lettuce (Pistia stratiotes) was successfully extracted by the hot-water extraction method. The defatting process using acetone also increases antioxidant activity. The polysaccharides from water lettuce can be used as a source of natural antioxidants. However, some sugar compounds were lost during the defatting process. Therefore, the alternative to the defatting process needs to increase the recovery of the polysaccharides.
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