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Abstract 

Amaranthus spinosus and Glinus oppositifolius are leafy vegetables commonly consumed 

by indigenous populations in the Bandarban hill tracts of Bangladesh due to their distinct 

sensory characteristics and therapeutic properties. This study aimed to analyze the 

bioactive polyphenolic compounds in ethanolic extracts of both plants using HPLC-DAD 

and evaluate their antioxidant potential. Results revealed that G. oppositifolius had higher 

total flavonoid content, total phenolic content, total antioxidant activity and IC50 values 

compared to A. spinosus. However, A. spinosus exhibited a higher total tannin content. 

The chromatographic analysis identified various bioactive compounds, including gallic 

acid, epicatechin, quercetin, catechin, rutin hydrate, kaempferol, caffeic acid, and ferulic 

acid in A. spinosus. Similarly, G. oppositifolius contained gallic acid, epicatechin, 

quercetin, catechin, rutin hydrate, caffeic acid, trans-ferulic acid, rosmarinic acid, trans-

cinnamic acid, and vanillin. These polyphenol-rich extracts possess significant antioxidant 

and anti-inflammatory properties, making them promising candidates for nutraceuticals, 

functional foods, and industrial applications. 

1. Introduction 

Bandarban, a district in the Chittagong Hill Tracts of 

Bangladesh, is home to various tribal communities, 

including the Chakma, Marma, Murang, and Tripura, 

each with distinct cultural and dietary practices. Ethnic 

meals in this region feature non-traditional green 

vegetables, consumed for both nutritional and medicinal 

purposes (Islam et al., 2010). Two notable leafy 

vegetables are Amaranthus spinosus (accession no. 

66570) and Glinus oppositifolius (accession no. 66351), 

locally known as Khadamarech shak and Gima shak, 

respectively (Bangladesh National Herbarium [BNH], 

2023a; BNH, 2023b). These vegetables are valued for 

their flavor and medicinal benefits (Abdullah et al., 

2020). 

Amaranthus spinosus, a weed widely grown in 

Bangladesh, is used for its hepatoprotective, anti-

diabetic, and anti-inflammatory properties (Sarker and 

Oba, 2019). It is traditionally used to treat liver diseases, 

malaria, and stomach issues (Berghofer and 

Schoenlechner, 2002). Glinus oppositifolius, a 

herbaceous plant, is also consumed as a leafy vegetable 

in tribal regions and is known for its therapeutic effects 

on malaria, joint pain, and skin problems (Diallo et al., 

2001; Inngjerdingen et al., 2005). 

This study utilized chromatographic analysis to 

isolate and identify bioactive polyphenols in these 

vegetables, contributing to the understanding of their 

chemical composition. The research highlights the 

nutritional and medicinal value of these ethnic 

vegetables, advocating for their conservation and the 

promotion of local, sustainable food sources to enhance 

dietary diversity and public health. 

 

2. Materials and methods 

2.1 Sample collection 

Amaranthus spinosus and G. oppositifolius were 

collected from three weekly wholesale markets in 

Bandarban, Bangladesh (22°11'43.22"N, 92°13'10.06"E). 

Three samples, each weighing 1.0 kg, were collected for 

every vegetable from each market. The samples were 

washed with water, packed in ziplock bags, and 

transported to the laboratory for further analysis (Islam et 

al., 2010). 
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2.2 Sample extraction 

The edible portions of the plants were freeze-dried at 

-40°C using a Thermo Fisher freeze dryer, then ground 

into powder with a Panasonic grinder. The samples were 

stored at 4°C, and 20 g of each was extracted with 200 

mL of ethanol, agitated for 48 hrs, centrifuged, and 

filtered. The extracts were stored at -20°C (Shaheen et 

al., 2013; Alam et al., 2020; Abdullah, Rahman, Sharif 

et al., 2024). 

2.3 Chemicals and reagents  

Chemicals and polyphenol standards were obtained 

from Sigma-Aldrich (St. Louis, USA). Deionized water 

was produced using a Milli-Q system from Millipore 

(Bedford, USA). 

2.4 Yield determination 

The extraction yield percentage was calculated to 

assess the solvent system's effectiveness using the 

formula: yield (%) = (A-B)×100/W, where A is the 

extract's weight, B the empty flask's weight, and W the 

dry sample weight (Abdullah, Rahman, Sharif, Khan and 

Islam, 2024). 

2.5 Determination of antioxidant properties 

2.5.1 Sample preparation  

The ASE and GOE were thawed to ambient 

temperature (22°C). Stock solutions (10000 μg/mL) were 

prepared by dissolving 0.1 g extract in 10 mL ethanol 

and stored at 4°C. 

2.5.2 Determination of total flavonoid content  

The total flavonoid content (TFC) reagent was 

prepared by dissolving 0.3325 g of aluminum chloride 

and 1 g of sodium acetate in 100 mL of deionized water. 

A 0.2 mL stock solution was mixed with 4.8 mL 

deionized water and 2.5 mL AlCl3 reagent, then 

incubated for 5–6 mins. Absorbance was measured at 

430 nm using a UV-VIS spectrophotometer, with 

quercetin as the standard for total flavonoid content 

(Abdullah, Sayka, Rahman et al., 2024). 

2.5.3 Determination of total tannin content  

The Folin-Ciocalteu phenol reagent was used to 

quantify total tannin content. A 0.5 mL stock solution 

was mixed with 8.5 mL deionized water and 0.5 mL 

Folin-Ciocalteu reagent, left for 5 mins at room 

temperature. Then, 1 mL of 35% sodium carbonate 

solution was added and incubated for 20 mins. 

Absorbance was measured at 725 nm, and total tannin 

content (TTC) was expressed as milligrams of tannic 

acid per gram of dry extract (Haile and Kang, 2019; 

Abdullah, Rahman, Sharif et al., 2024). 

2.5.4 Determination of total phenolic content  

In a test tube, 8.5 mL of deionized water and 0.5 mL 

of the stock solution were mixed, followed by the 

addition of 0.5 mL Folin-Ciocalteu reagent and left for 

30 mins at room temperature. Then, 1 mL of 35% 

sodium carbonate solution was added and incubated for 

20 mins. Absorbance was measured at 765 nm and total 

phenolic content (TPC) was quantified as milligrams of 

gallic acid per gram of dry extract (Haile et al., 2019; 

Farzana et al., 2024). 

2.5.5 Determination of total antioxidant activity  

The total antioxidant activity (TAA) of the extract 

was determined using the phosphomolybdenum method. 

A 0.5 mL stock solution was mixed with 3.0 mL of 

reagent containing 0.6 M H2SO4, 28 mM Na3PO4, and 4 

mM ammonium molybdate, then incubated at 95°C for 

90 mins. Absorbance was measured at 695 nm, and 

antioxidant activity was expressed as mg ascorbic acid 

equivalent per g of extract (Jan et al., 2013; Farzana et 

al., 2023). 

2.5.6 Determination of DPPH radical scavenging 

activity  

DPPH radical scavenging activity was measured 

following the modified methods of Erkan et al. (2008) 

and Rahman et al. (2022). A 2 mL 0.2 mM ethanolic 

DPPH solution was mixed with 2 mL extract solutions at 

varying concentrations, incubated for 10 mins in the 

dark, and measured at 517 nm. The percentage of DPPH 

activity was calculated using {(A0-A)/A0}×100, and 

IC50 was determined by plotting inhibition percentages 

against extract concentrations (Tanvir et al., 2017). 

2.6 Identification of bioactive polyphenolic compounds  

2.6.1 Standard preparation and sample preparation  

A 100 μg/mL standard solution of each polyphenol 

was prepared in methanol, and a mixed standard solution 

(5 μg/mL per polyphenol) was made. Calibration curves 

were plotted by diluting standards to concentrations of 

1.0–5.0 μg/mL. ASE and GOE extracts (2.0 mL) were 

filtered through a 0.45 μm nylon filter and placed in 

septum vials (Khan et al., 2020; Rahman et al., 2023). 

2.6.2 Chromatographic system  

The chromatographic investigations were performed 

using a Thermo Fisher Scientific Dionex UltiMate 3000 

system, equipped with a quaternary pump (LPG-

3400RS), autosampler (WPS-3000), and diode array 

detector (DAD-3000RS). Phenolic compound separation 

was achieved using an Acclaim® C18 column (4.6 × 250 

mm; 5μm) at 30°C, with data processed via Dionex 

Chromeleon software (v6.80). HPLC-DAD followed the 
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method by Abdullah, Rahman, Sharif, Khan and Islam 

(2024) using a gradient mobile phase of acetonitrile, 

acetic acid (pH 3.0), methanol, and 5% IPA. The 20 μL 

injections were monitored at 280 nm, with R² values 

exceeding 0.995. 

2.7 Statistical analysis 

Experimental results were presented as means with 

standard deviations (SD) and analyzed using IBM SPSS 

Statistics (v26). Pearson correlation analysis assessed 

associations, with graphs generated using Past 4.11 and 

RStudio 2022.12.0. 

 

3. Results and discussion 

3.1 Yield of the extract 

The percentage yield of the extract is influenced by 

the solvent system. The yield percentages observed in 

both ASE (14.73%) and GOE (13.62%) were found to be 

similar, as shown in Table 1. The findings of the research 

were consistent with previous studies regarding the 

efficacy of solvent extraction in extracting bioactive 

constituents from plant tissue (Rahman et al., 2022).  

3.2 Antioxidant properties of extracts 

The composition of phytochemical constituents in 

plant extracts is influenced by the extraction solvent and 

method (Khoudja et al., 2014). This study evaluated the 

TFC, TTC, TPC, and TAA in A. spinosus extracts and 

the results showed 1.31±0.03 mg QE/g, 5.25±1.31 mg 

TAE/g, 3.31±0.02 mg GAE/g, and 3.83±0.15 mg AAE/g, 

respectively (Figure 1). The IC50 value for DPPH radical

-scavenging activity was 1369.34 µg/mL, compared to 

15.79 µg/mL for ascorbic acid (Table 1). In comparison, 

Rjeibi et al. (2019) found that total flavonoids, 

condensed tannins and phenolics content of A. spinosus 

ethanolic extracts was 3.62 mg catechin equivalents 

(CE)/g DW, 3.15 mg CE/g DW, and 45.2 mg GAE/g 

DW, respectively which is consistent with this study’s 

findings. House et al. (2020) reported strong antioxidant 

and anti-inflammatory properties for A. spinosus, while 

Amin et al. (2006) also found significant antioxidant 

activity in methanolic extracts. 

On the other hand, G. oppositifolius ethanolic 

extracts showed higher values for TFC (1.86±0.03 mg 

QE/g), TTC (4.57±0.13 mg TAE/g), TPC (3.39±0.03 mg 

GAE/g), TAA (8.21±0.04 mg AAE/g), and IC50 (713 µg/

mL) (Table 1 and Figure 1). Kumar et al. (2010) reported 

168 μg QE/mg for TFC, 40 µg pyrocatechol equivalents/

mg for TPC, and 6 µg α-tocopherol equivalents/mg for 

antioxidant capacity, with an IC50 of 1013 µg/mL. 

Studies by Hoque et al. (2011) and Shethi et al. (2018) 

further confirm the high flavonoid and phenolic content 

in G. oppositifolius, highlighting its strong antioxidant 

potential. Statistical analysis revealed significant 

differences between G. oppositifolius and A. spinosus, 

with G. oppositifolius exhibiting superior polyphenolic 

activity. TFC, TTC, and TPC showed a strong positive 

correlation with TAA (r = 0.995, p < 0.001). Aryal et al. 

(2019) also observed a significant association between 

total phenolic, flavonoid content, and antioxidant 

capacity. 

Samples Yield (%) 
DPPH scavenging 

activity (IC50, µg/mL) 
Regression equation of 

% Inhibition (R2) 

ASE 14.73±0.84 1369.34a 
y = 8.629ln(x) - 12.32 

R² = 0.966 

GOE 13.62±0.76 713.01b 
y = 7.728ln(x) + 0.769 

R² = 0.989 

Ascorbic 

Acid 
- 15.79c 

y = 14.63ln(x) + 9.627 

R² = 0.867 

Table 1. Yield and DPPH radical-scavenging activities of Amaranthus spinosus and Glinus oppositifolius extracts.  

Values are presented as mean±SD, n = 3 (three independent extractions). Values with different superscripts are statistically 

significantly different at the 5% significance level.  

Figure 1. Total flavonoid content (TFC), total tannin content 

(TTC), total phenolic content (TPC) and total antioxidant 

activity (TAA) of ethanolic extract of Amaranthus spinosus 

(ASE) and Glinus oppositifolius (GOE). Bars with different 

notations within the same parameter are statistically 

significantly different at the 5% significance level. 



308 Abdullah et al. / Food Research 8 (6) (2024) 305 - 312 

 https://doi.org/10.26656/fr.2017.8(6).340 © 2024 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 3.3 Polyphenolic bioactive compounds 

In this study, peak purity was assessed using Dionix 

Chromeleon software (Version 6.80 RS 10), with a 

purity match criterion set above 98% across a 

wavelength range of 190 to 650 nm. The permissible 

criteria for peak purity in polyphenolic analysis utilising 

HPLC-DAD may exhibit variation depending on the 

specific polyphenolic molecule under investigation 

(Marchelak et al., 2020). 

Eight polyphenols were identified in the extract of 

Amaranthus spinosus using the same HPLC-DAD 

conditions applied to 20 standards (Figure 2). As shown 

in Table 2, caffeic acid was the dominant polyphenolic 

compound, with gallic acid, catechin hydrate, 

epicatechin, trans-ferulic acid, rutin hydrate, quercetin, 

and kaempferol also detected. Similarly, Rjeibi et al. 

(2019) found caffeic acid to be the major polyphenolic in 

ethyl acetate extracts. Stintzing et al. (2004) identified 

various phenolic acids and flavonoids in A. spinosus 

using HPLC-MS, confirming its antioxidant, anti-

inflammatory, and anticancer properties (House et al., 

2020). 

The chromatographic analysis of GOE identified 

several compounds, including gallic acid, catechin, 

caffeic acid, epicatechin, vanillin, trans-ferrulic acid, 

rutin hydrate, rosmarinic acid, quercetin, and trans-

cinnamic acid (Table 2). The primary polyphenols were 

caffeic acid, trans-ferrulic acid, epicatechin, and 

catechin. G. lotoides, from the same genus as G. 

oppositifolius, contains gallic acid, benzoic acid, caffeic 

acid, chlorogenic acid, and quercetin in its ethanolic 

extracts (Awan et al., 2022). Caffeic acid was the 

predominant compound in both ASE (1795.5±103.94 μg/

g) and GOE (19560.5±2887.11 μg/g). Caffeic acid is 

abundant in medicinal plants and is known for its 

antioxidant, anticancer, neuroprotective, and anti-

inflammatory properties (Alam et al., 2022). GOE had 

higher concentrations of catechin (5182.5±316 μg/g) and 

epicatechin (6974.5±236 μg/g) than ASE. Catechins are 

a group of flavonoids with cardioprotective and 

antioxidative benefits (Vuong et al., 2010). Epicatechin, 

in particular, safeguards low-density lipoproteins (LDL) 

and the vascular endothelium (Schewe et al., 2009). 

Quercetin was detected in both ASE (280.5±10.6 μg/g) 

and GOE (154±5.6 μg/g), and it exhibits antinociceptive, 

antioxidant, analgesic, anti-inflammatory, cardio- and 

neuroprotective, and antiallergic effects (Ferraz et al., 

2021). 

A significant amount of rutin hydrate was detected in 

the GOE sample, with a concentration of 4005.5±638.5 

μg/g dry extract. Rutin hydrate offers multiple health 

benefits, including anti-inflammatory, antioxidant, and 

cholesterol-lowering effects, as well as inhibition of 

platelet aggregation (Imani et al., 2021). Volate et al. 

(2005) also demonstrated rutin's potential in reducing 

precancerous conditions and inducing apoptosis in 

colorectal cancers. The GOE extract contained vanillin 

and rosmarinic acid. Vanillin has bioactive properties 

such as antibacterial, antimutagenic, anti-inflammatory, 

and neuroprotective effects (Kim et al., 2019; Costantini 

et al., 2021). Rosmarinic acid, a phenolic compound 

derived from caffeic acid, provides antioxidant, anti-

inflammatory, and neuroprotective benefits (Alfieri and 

Mann, 2015). Trans-ferulic acid, a potent antioxidant and 

antibacterial compound, was found in both GOE and 

Figure 2. HPLC-DAD chromatogram of 20 bioactive 

polyphenolic compounds. Where peak: 1 = gallic acid, 2 = 

catechol, 3 = chlorgenic acid, 4 = catechin hydrate, 5 = 

vanillic acid, 6 = caffeic acid, 7 = syringic acid, 8 = (-) 

epicatechin, 9 = vanillin, 10 = trans-ferulic acid, 11 = ellagic 

acid, 12 = p-coumaric acid, 13 = rutin hydrate, 14 = 

rosmarinic acid, 15 = myricetin, 16 = quercetin, 17 = trans-

cinnamic acid , 18 = naringenin, 19 = kaempferol , 20 = 

apigenine. 

Compound 
ASE 

 (mcg/g dry extract) 

GOE  

(mcg/g dry extract) 

Gallic acid 119.5±21.92a 271±56.56b 

Catechin hydrate  222±2.82a 5182.5±316.07b 

Caffeic acid  1795.5±103.94a 19560.5±2887.11b 

(-) Epicatechin  488±1.41a 6974.5±236.88b 

Vanillin  nd 127.5±10.6 

trans-Ferulic acid  257.5±0.70a 7074±81.31b 

Rutin hydrate  182.5±24.94a 4005.5±638.51b 

Rosmarinic acid  nd 251.5±27.57 

Quercetin  280.5±10.6a 154±5.65b 

trans-Cinnamic acid  nd 434.5±3.53 

Kaempferol  244±72.83 nd 

Values are presented as mean±SD, n = 3 (three independent 

extractions). Values with different superscripts within the 

same row are statistically significantly different at the 5% 

significance level. nd: not detected. 

Table 2. Composition of the polyphenols in Amaranthus 

spinosus and Glinus oppositifolius extracts by HPLC-DAD. 
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ASE, with the highest concentration (7074±81.31 μg/g) 

in GOE. It also helps alleviate oxidative stress by 

modulating gene expression (Guvvala et al., 2019). 

Gallic acid was present in ASE (119.5±21.92 μg/g) 

and GOE (271±56.5 μg/g), offering gastrointestinal and 

cardiovascular protection, along with hyperglycemia and 

hypertriglyceridemia reduction (Kahkeshani et al., 

2019). Additionally, kaempferol in ASE (244.72±72.83 

μg/g) showed anti-cancer and anti-inflammatory 

potential (Chen and Chen, 2013). Trans-cinnamic acid, 

detected in GOE (434.5±5.53 μg/g), is recognized for its 

antioxidant, anti-inflammatory, and anticancer properties 

(Adisakwattana, 2017). In both extracts, catechol, 

chlorogenic acid, vanillic acid, syringic acid, ellagic 

acid, p-coumaric acid, myricetin, naringenin, and 

apigenin were not detected. This may be attributed to the 

choice of extraction solvent, the plant's maturity stage, 

environmental factors, or limitations of the analytical 

method. 

3.4 Pearson’s correlation 

The Pearson correlation analysis revealed significant 

relationships among the parameters. Quercetin and 

kaempferol showed a strong inverse correlation with 

gallic acid, catechin, caffeic acid, epicatechin, vanillin, 

ferulic acid, and rutin, while these compounds displayed 

a positive correlation with cinnamic acid. Quercetin and 

kaempferol were positively correlated. 

 

4. Conclusion 

The antioxidant properties of A. spinosus and G. 

oppositifolius demonstrate their potential as natural 

sources of antioxidants. These antioxidants neutralize 

free radicals and protect cells from oxidative stress, 

which is linked to various chronic diseases. 

Chromatographic analysis identified several bioactive 

polyphenols in these vegetables, known for their health 

benefits and antioxidant effects. Incorporating A. 

spinosus and G. oppositifolius into the diet can enhance 

nutrient diversity and provide health benefits. These 

findings may inform dietary guidelines, promote 

sustainable agriculture, and encourage the cultivation of 

indigenous crops to improve food security and public 

health. Future research should focus on their 

bioavailability, culinary uses, and potential as functional 

food products. 
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