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ABSTRACT 

Fermented sap of nipa palm or nipa palm vinegar (NPV) is conventionally used for cooking as sour food seasoning. This 

study was aimed to determine phenolic compounds and flavonoids and evaluate in vitro antioxidant and cytotoxicity of 

NPV aqueous extract. NPV aqueous extract was was performed by liquid–liquid extraction. Aqueous extract was 

determined total phenolic content (TPC) and total flavonoid content (TFC) by Folin-Ciocalteu and aluminum chloride 

colorimetric assays, respectively. Antioxidant activity was evaluated by scavenging of DPPH, NO radicals and inhibition 

of lipid peroxidation. Cytotoxicity was evaluated against human skin fibroblasts. The results were represented that TPC 

and TFC were 1.76±0.02 GAE and 0.81±0.04 QE, respectively. NPV aqueous extract was exhibit DPPH and NO scavenging 

activities (SC50 = 105.23±27.14 and 0.84±0.02). Therefore, the extract was poorly inhibited lipid peroxidation. NPV 

aqueous extract were non-toxic to human skin fibroblast cells at maximum concentration of assay (1.0 mg/ml) when 

compared with sodium lauryl sulfate and can be safe when processing it as skin care products. This study was provided 

useful information on appropriate processing of NPV to health promoting products on different means. 
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INTRODUCTION 

Oxidant elevation and/or antioxidant reduction can cause oxidative stress in human, which is lead to 

progression of pathogenic ageing and can cause chronic, inflammatory and degenerative diseases (Candido 

et al., 2015). Reactive oxygen species such as superoxide, hydrogen peroxide, and hydroxyl radical are 

affected to lipids, proteins and DNA resulting in accelerated aging, cancer, and brain degenerative disorder 

(Sies, 2015). Many studies are supported that bioactive compounds from foods may prevent risks of these 

degenerative diseases by providing an antioxidant effect (Aune, 2019; Fernandez-Mar et al., 2012; Kozłowska 

and Szostak-Wegierek, 2014; Ramadan and Al-Ghamdi 2012). The antioxidative activities of vinegar are 

exerted mainly from active constituents i.e., carotenoids, phytosterols phenolic compounds, vitamins C and 

vitamin E (Charoenkiatkul et al., 2016). It can used to control oxidation and reduced rate of food spoilage. 

Vinegars are traditionally use for food preservatives in many countries, which can inhibit microbial growth. 

There are also use as functional food additives on promoting of health benefits (Chen et al., 2016; Finley et 
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al., 2011; Pooja and Soumitra, 2013). Vinegar is generally used as sour food seasoning and as traditional 

medicine for relieve obesity (Kim et al., 2013; Beh et al., 2017), hyperlipidemia (Seo et al., 2015), diabetes 

(Yun et al., 2007), and cancer (Baba et al., 2013). Vinegar has high antioxidant activity, antimicrobial 

properties, antidiabetic effects and therapeutic properties (Budak et al., 2014), Polyphenolic compounds are 

quality determinants of vinegar antioxidant, which are also relating to colour and astringent of vinegar (Mas 

et al., 2014). Nipa palm (Nypa fruticans Wurmb.) is growing in mangrove forest of Thailand and can tolerate 

in brackish/saline water (Prasad et al., 2013). Utilizations of nipa palm are widely, including coastal-erose 

prevention, food resources, material providing. Sap from floral and fruit stalk can process as sugar, syrup, 

alcohol, vinegar, local made beverages and desserts, which are provide people income (Javier and Scott, 

2013; Kusmana, 2018; Matsui et al., 2014). Fermented sap of nipa palm is namely nipa palm vinegar (NPV), 

which conventionally used for cooking as sour food seasoning (Cheablam and Chanklap, 2020). NPV has 

showed biological activities, such as in vivo antioxidant activity (Beh et al., 2016), vitro antioxidant activity 

(Chatatikun and Kwanhian, 2020), anti-obesity (Beh et al., 2017), antidiabetic activity (Yusoff et al., 2015; 

Yusoff et al., 2017), and hepatoprotective effects (Yusoff et al., 2017). NPV aqueous extract had evaluated on 

anti-diabetic activity (Yusoff et al., 2015; Yusoff et al., 2017), while unextracted NPV had evaluated on anti- 

oxidant activity (Chatatikun and Kwanhian, 2020; Beh et al., 2016). Hence, antioxidant activity and cyto- 

toxicity of NPV aqueous extract has not been previously evaluated. This study was aimed to determine 

phenolic compounds and flavonoids and evaluate in vitro antioxidant and cytotoxicity of NPV aqueous 

extract. 

MATERIALS AND METHODS 

 
NPV collection and extraction 

NPV was traditional processed and purchased from five local markets from different of locations of Nakhon 

Si Thammarat, Thailand during November to December 2021. NPV was collected at 4 C and sent to herbal 

laboratory unit, Suan Sunandha Rajbhat University, Samut Songkhram, Thailand. Liquid–liquid extraction was 

performed for NPV aqueous extract as described by Qiu et al. (2010). Briefly, 0.5 L of pooled NPV was 

concentrated until 0.25 L by rotary evaporator (N-1000, EYELA, USA) with water bath at 37 C under vacuum. 

Concentrated NPV was extracted with ethyl acetate (RCI Labscan, Bangkok, Thailand): water (1:1) by 

separatory funnel. Upper (ethyl acetate) layer was removed and remaining (aqueous) layer was collected. 

This extraction process was repeated in three times and all of aqueous layers were collected and 

concentrated again under vacuum at 40 C. NPV aqueous extract was freeze-dried in lyophilized form and 

kept at -4 C. 

Total Phenolic Content (TPC) 

NPV aqueous extract (1 mg/ml) was dissolved in ethanol (RCI, Labscan, Thailand). Gallic acid (Sigma-Aldrich, 

USA) was dissolved in dimethyl sulfoxide, DMSO (RCI, Labscan, Thailand) and diluted (0.00012, 0.00024, 

0.00049, 0.00098, 0.00195 and 0.00391 mg/ml) for standard curve plotting. 0.1 ml of sample was filled in 

test tube, and added with 4.6 ml of distilled water and 1 ml of Folin-Ciocalteu reagent (Loba Chemie, India), 

respectively. Mixture was standing in room temperature for 3 min and added with 3 ml of 2% Na2CO3 (w/v) 

was filled, then centrifuged for 2 h (150 rpm). Absorbance of mixture was determined at 765 nm against gallic 

acid standard curve. TPC was represented as mg of gallic acid equivalent (GAE) per g (Biju et al., 2014). 

Total Flavonoid Content (TFC) 

NPV aqueous extract (10 mg/ml) was dissolved in DMSO (RCI, Labscan, Thailand), and quercetin (HWI Analytik 

GmbH, Germany) was in DMSO (0.0020, 0.0039, 0.0078, 0.0156, 0.0312, 0.0625 and 0.125 mg/ml) dissolved 

in DMSO for standard curve plotting. Total flavonoid content was determined by aluminum chloride 

colorimetric assay. Measurement of absorbance was done on mixture in each well of 96-well plate (SPL Life 
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Sciences, Korea) by microplate reader (BIO-RAD, USA) at 515 nm. Each measurement was repeated in 

triplicate and the flavonoid content was reported as mg of quercetin equivalents (QE) per g of extract (Kelly 

et al., 2002). 

Antioxidant Tests 

 
DPPH radical scavenging activity 

Reduction of 2,2-diphenyl-1-picrylhydrazyl, DPPH (Sigma-Aldrich, USA) radical absorbance was measured in 

present of NPV aqueous extract (0.01-1 mg/ml) by 96 well microplate reader (BIO-RAD, USA). DPPH radical 

(6×10−5 M) and ascorbic acid were used as negative and positive controls, respectively. Results was calculated 

and represented as 50% scavenging concentration (SC50) against DPPH radical (Manosroi et al., 2010; 

Ranasinghe et al., 2012). 

NO radical scavenging activity 

NPV aqueous extract was dissolved with absolute ethanol and diluted to 0.001, 0.01, 0.1, 1 and 10 mg/ml. 

Each concentration was determined for NO radical scavenging in Griess reagent. Mixture was incubated in a 

96-well plate at room temperature for 10 minutes, and the absorbance was then measured at 540 nm using 

a microplate reader. Ascorbic acid was used as positive control. Results was calculated and reported as SC50 

on reduction of NO radical (Aktas et al., 2013). 

Lipid peroxidation inhibition activity 

NPV aqueous extract was dissolved with absolute ethanol and diluted to 0.001, 0.01, 0.1, 1 and 10 mg/ml. 

Each concentration was evaluated for inhibitory lipid peroxidation activity by measurement of ferric iron- 

thiocyanate complex. Absorbance of iron-thiocyanate was monitored by microplate reader at 490 nm, and 

positive control was -tocopherol. Results was calculated and reported as 50% inhibitory peroxidation 

concentration (IPC50) on reduction of lipid peroxidation (Manosroi et al., 2012). 

Cytotoxicity Test 

Human skin fibroblast cell (passage 64) was obtained from Thailand Institute of Scientific and Technological 

Research (TISTR), Pathum Thani, Thailand. Cell culture was maintained in Dulbeccos modified Eagles 

medium containing 10% foetal bovine serum, 1% penicillin/streptomycin at 37 °C in a humidified incubator 

containing 5% CO2. NPV aqueous extract was dissolved with 10% DMSO in culture medium and filtered with 

0.2 m filter-membrane and diluted by ten-fold serial dilution (0.0001, 0.001, 0.01, 0.1 and 1.0 mg/ml). After 

overnight culture in a 24-well plate (1 × 105 cells/well, 500 μL medium/well), the cells were pre-treated with 

different concentration of extract. Cytotoxicity was performed by sulforhodamine B (SRB) staining on cell 

viability and reported as percentage of cell survival when compared with sodium lauryl sulfate (SLS) as control 

(ISO 10993-5, 2009; Vichai et al., 2006). 

Statistical Analyses 

Phytochemical content and biological properties of NPV aqueous extract were represented as mean and 

standard deviation, which were calculated from triplicate-repeated measurements. 

RESULTS AND DISCUSSION 

TPC and TFC contained in NPV aqueous extract were 1.76±0.02 GAE and 0.81±0.04 QE, respectively. NPV 

aqueous extract was exhibit DPPH and NO scavenging activities (SC50 = 105.23±27.14 and 0.84±0.02). 

Therefore, the extract was poorly inhibited lipid peroxidation (Table 1). NPV aqueous extract were non-toxic 

to human skin fibroblast cells at maximum concentration of assay (1.0 mg/ml) when it was compared with 

sodium lauryl sulfate (Table 2). The extract was strongly scavenged NO was related to anti-inflammation 

activity. The previous studies had reported was anti-inflammatory activity of unextracted NPV with NO 

scavenge action by reduced production of NO from LPS induced-macrophage cells (Beh et al., 2017; Senghoi 
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and Klangbud, 2021). We were suggested that unextracted NPV and NPV aqueous extract were similar anti- 

oxidant and anti-inflammation activities, which were not affected from changing of vinegar acidity. There 

were similar result as anti-diabetic activities at in vitro and in vivo model that were evaluated NPV aqueous 

extract (Yusoff et al., 2015; Yusoff et al., 2017). Poor lipid peroxidation inhibition of NPV aqueous extract was 

due to low solubility in non-polarity environment of assay. There was implied that it was active in aqueous 

phase and not affect by loss of acidity, such as liver protection, anti-obesity and anti-lipidaemia (Beh et al., 

2016; Beh et al., 2017; Chatatikun and Kwanhian, 2020). However, only anti-microbial assay was concerned 

on vinegar acidity (Senghoi and Klangbud, 2021). In addition, this extract was non-toxic to human skin cells 

and can be safe when processing it as skin care products. This study was provided useful information on 

appropriate processing of NPV to health promoting products on different means. 

Table 1 Active constituents and antioxidant activity of NPV aqueous extract 

 
 

Test / Assay 

 

TPC 

 

TFC 

 

DPPH 

 

NO 

 

LPI 

Aqueous 

extract 
1.76±0.02 0.81±0.04 

105.23±27.1 

4 
0.84±0.02 >1000 

-tocopherol - - - - 0.12±0.06 

Ascorbic acid - - 0.04±0.01 0.04±0.01 - 

 

DPPH = 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity; NO = nitric oxide radical scavenging activity; 

LPI = lipid peroxidation inhibition activity; ND = not determined 

Table 2 Cytotoxicity of NPV aqueous extract 

Sample (mg/ml) 
Human skin fibroblast cell viability (%) 

0.0001 0.001 0.01 0.1 1.0 

Aqueous extract 95.2±2.57 93.4±3.46 91.3±3.10 88.4±3.76 85.±2.73 

Sodium lauryl sulfate a 93.5±1.75 92.0±3.89 88.6±5.60 46.3±3.44 24.1±1.61 

a Positive control on cytotoxicity at 0.1 to 1.0 mg/ml 

CONCLUSION 

NPV aqueous extract were exhibit DPPH and NO scavenging activities with non-toxic against to human skin 

fibroblast cells. 
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