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Abstract 

Okra (Abelmoschus esculentus) or lady finger is one of the famous vegetable plants used 

in cooking or as an alternative to treat illnesses related to high blood sugar. This study 

focused on the effect of different infusion temperatures on the total phenolic content 

(TPC), antioxidant (2,2-diphenyl-1-picrylhydrazylradical (DPPH) radical scavenging and 

total antioxidant activity (TAA)) and α-amylase activities of okra infusion water. The okra 

infused in water at 60°C had the highest TPC (49.41±1.09 mg GAE/L sample), while the 

okra infused in water at ambient temperature exhibited the lowest TPC (14.03±1.23 mg 

GAE/L sample). A similar trend was observed in both the DPPH radical scavenging and 

TAA of the okra samples. A strong correlation was found between the TPC, DPPH (r = 

0.927) and TAA (r = 0.938). However, the α-amylase activity of the samples was not in 

line with the increase in infusion temperature, as it recorded 47.95±1.77% when treated at 

ambient temperature. This study revealed that the chemical contents of the okra infusion 

water were influenced by different infusion temperatures. Future studies emphasize the 

detailed elucidation of antioxidant and antidiabetic profiles of the okra infusion water 

extract to unleash its potential for stress oxidative and anti-hyperglycemia effects. 

1. Introduction 

Malnutrition is one of the main factors causing 

people's death in ancient times due to low living 

standards. However, the dietary habits and lifestyle 

which evolved as time passes contribute to people on 

whole die from non-communicable diseases for instance 

heart disease, diabetes and cancer. Unhealthy eating 

habits accompanied by an unhealthy passive lifestyle 

burden the body and induce the onset of chronic disease 

(Egger and Dixon, 2014). Consuming suitable amounts 

of nutrients together with a balanced diet plays a vital 

role in our daily life as to lower the risk of being affected 

by chronic diseases. Intake of suitable foods with plenty 

of nutrients, fibre, vitamins, minerals and specific 

phytochemicals can boost the immune system and 

therefore protect against the disease effectively.  

Among all vegetables, Okra (Abelmoschus 

esculentus) or lady's finger is of interest due to its highly 

nutritious properties and benefits (Fekadu Gemede et al., 

2014). Okra is a vegetable packed with high content of 

fibre, calcium, potassium, zinc, and iron, as these 

nutrients play a significant role in maintaining balance in 

the body system. Furthermore, many studies revealed 

that different parts of okra especially their leaves, 

flowers, seeds, and pods, exhibited potential antioxidant 

activity and antidiabetic activity. It is rich in active 

compounds, namely β-carotene, riboflavin, ascorbic acid, 

polyphenols, glycosides, alkaloids, polysaccharides, and 

volatile oils, which play a cardinal role in inhibiting 

radical damage and thus lower the risks of chronic 

diseases (Khomsug et al., 2010; Wahyuningsih et al., 

2018). 

Apart from antioxidant properties, okra has been 

used as a traditional approach to ameliorate blood 

glucose sensitivity as it has shown promising anti-

hyperglycemic properties (Ben-Chioma et al., 2016; 

Peter et al., 2021). Besides, its high fibre content can 

also slow down the absorption of sugar in the small 

intestine and thus have better glycemic control. In 

addition, numerous experimental studies indicate high 

concentrations of dietary active principles such as 

polysaccharides including rhamnose, galactose, 
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galacturonic acid, arabinose, alkaloids, and phenolics 

derived from natural resources might also contribute to 

antidiabetic properties, namely improving insulin 

sensitivity, glucose homeostasis and reducing the 

complications of diabetes against oxidative stress injury 

(Liu et al., 2016; Chen et al., 2018).  

As okra is associated with many functional 

properties, okra-infused water is in trend with other 

infused plant-based beverages. In Turkey, the infusion of 

roasted okra seeds is considered a traditional diabetes 

mellitus therapy (Thanakosai and Phuwapraisirisan, 

2013). Hence, preparing it in the right way may benefit 

human health, especially in improving one’s insulin 

sensitivity. Yet, little information is available on okra 

infusion in the whole vegetable form. In fact, hot boiling 

water can influence the bioavailability and the content of 

vitamins and active compounds from a nutrition point of 

view as an excess amount of heat can destroy the 

vitamins completely especially the most heat-labile 

vitamin C. In contrast, researchers advocated that active 

compound contents increase with increasing temperature 

of infusion (Sun et al., 2017).  

Therefore, the objectives of this study were to 

determine the total phenolic contents (TPC) of okra 

infusion water that underwent different infusion 

temperatures and in particular to study the effect of 

different infusion temperatures towards their antioxidant 

and α-amylase inhibitory activities of the okra pods. 

 

2. Materials and methods 

2.1 Sample preparation and treatments 

Okra was purchased from the TESCO hypermarket 

at Kampar. They were washed, blot-dried with tissue 

paper, and sliced into smaller pieces. Next, 20 g of 

sample (2 - 3 pods) were weighed and infused in 100 mL 

of distilled water at different temperatures noted as 40, 

50 and 60°C for 30 mins. On the contrary, another set 

sample treated at room temperature (25°C) was denoted 

as control throughout the study. After infusion, the water 

infusion was collected immediately and filtered through 

the filter paper prior to further analysis. Samples were 

prepared freshly to avoid antioxidant degradation. 

2.2 Determination of total phenolic content  

The total phenolic content (TPC) of okra infusion 

was determined using the modified Folin-Ciocalteu assay 

as described by Mohd Fadzelly et al. (2009). Firstly, the 

Folin-Ciocalteu reagent was diluted 10-fold with distilled 

water and covered with aluminium foil as it is light-

sensitive. Next, 1 mL of infusion sample, 0.5 mL diluted 

Folin-Ciocalteu reagent, and 2.5 mL of 20% sodium 

carbonate solution were pipetted into a tube. The mixture 

was then vortexed before incubation to ensure the 

reagent reacted completely with the oxidised phenolates 

in the sample. The procedure was continued by 

incubating them in the darkness for 40 mins before the 

absorbance was read at 725 nm using a 

spectrophotometer (Fisher Scientific Sdn Bhd, Shah 

Alam). The sample was prepared in triplicate, and a 

standard curve was constructed using 20, 40, 60, 80, 100 

mg/L solutions of gallic acid in distilled water. The TPC 

was expressed in gallic acid equivalent (GAE)/L. 

2.3 Antioxidant activities of okra samples 

2.3.1 Determination of the free radical inhibition 

activity using DPPH assay 

DPPH radical inhibition activity of the infusion 

samples which undergoes different infusion temperatures 

was assessed based on the procedure described by 

Moraes-de-Souza et al. (2008) with slight modification. 

A total of 0.5 mL of sample solution and 3 mL of 

methanol containing 0.3 mL of 0.5 mM DPPH solution 

were mixed well and kept in the darkness for 45 mins. 

The change in the intensity of the deep violet colour of 

the DPPH solution upon the abstraction of hydrogen 

atoms from antioxidants present in the samples was 

monitored by measuring the absorbance at 517 nm using 

a spectrophotometer. Ascorbic acid was dissolved in 

methanol in different concentrations ranging from 10 to 

50 ug/mL to establish a standard curve. The percentage 

of inhibition was calculated using Equation (1), and 

DPPH free radical inhibition activity was expressed as an 

ascorbic acid equivalent (AAE)/L sample. 

Where A0 is the absorbance of the control, while A1 

represents the absorbance of the sample. 

2.3.2 Determination of total antioxidant activity 

using β-carotene-linoleic acid bleaching assay  

The total antioxidant activity (TAA) was performed 

according to the procedure suggested by Nur Arina and 

Azrina (2016). Initially, a total of 2 mg of β-carotene 

was dissolved in 10 mL of chloroform to obtain 0.2 mg/

mL of β-carotene solution. Next, 1 mL of β-carotene 

solution, 0.02 mL of linoleic acid, and 0.2 mL of 100% 

Tween 20 were pipetted respectively into a round bottom 

flask followed by evaporation at 40°C for 10 mins using 

a rotary evaporator to remove chloroform. After 

evaporation, 100 mL of distilled water was added to the 

residue obtained immediately, followed by well-mixed to 

obtain an emulsion. Next, 0.2 mL of the infusion sample 

was mixed with 5 mL of the β carotene/linoleic acid 

emulsion. Immediately the absorbance value was 

assessed at 470 nm with a spectrophotometer against a 

blank consisting of emulsion without β carotene. The test 

( ) ( )Radical inhibition activity % 0 1 0 100A A A=  −    (1) 
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tube containing the mixture was incubated in a water 

bath at 45°C for 120 mins before absorbance was 

assessed again. All samples were performed in triplicate, 

and the antioxidant activity was calculated using 

Equation (2) given by: 

Where A0, At, A’0 and A’t represent the absorbance 

of the sample at 0 min, the absorbance of the control at 0 

min, the absorbance of the sample at 120 mins, and the 

absorbance of the control at 120 mins, respectively. 

2.3.3 Antidiabetic assay of okra infusion by α-

amylase inhibition activity  

The α-amylase inhibition activity was performed 

according to Abirami et al. (2014) method with slight 

modifications. Briefly, 100 μL of 0.02 mol/L sodium 

phosphate buffer (pH 6.9) was pipetted and mixed with 

300 μL α-amylase solution (20 units/mL) followed by 

pre-incubated for 10 min at a water bath of 37°C. Next, 

100 μL of 1% starch solution was pipetted into the 

reaction mixture and left for another 30 min in a water 

bath of 37°C. For termination purposes, 1 mL of 

dinitrosalicylic acid reagent was then added to the 

reaction mixture. Then, the solution was left in a boiling 

water bath for 5 mins. It was then cooled to room 

temperature followed by diluted 10-fold times with 

distilled water. The absorbance of the diluted mixture 

was assessed at wavelength 540 nm. Control was 

prepared in a way that replaced the okra infusion sample 

with a buffer solution. Moreover, another set of samples 

which contained buffer solution instead of starch 

solution was prepared as the okra contains 

polysaccharides which may interfere with the result. The 

absorbance of the sample was calculated using Equation 

(3), while the α-amylase inhibition activity (%) was 

calculated using Equation (4). 

where A0 and A1 represent the absorbance of the 

control and sample, respectively. 

2.4 Statistics analysis  

The differences among the mean were determined 

using a one-way analysis of variance (ANOVA) and the 

least significant difference (LSD) test at a significance 

level α = 0.05. All data were presented as mean values of 

triplicates with standard deviation. Correlations between 

TPC and DPPH free radical scavenging activity; TPC 

and β-carotene bleaching activity; and TPC and α-

amylase inhibition activity were obtained by determining 

Pearson’s correlation coefficient (r). Note that P<0.01 

were regarded to be significant. All statistical analyses 

were performed using SPSS software. 

 

3. Results and discussion 

3.1 Total phenolic content, DPPH and total antioxidant 

activity of okra treated at different infusion temperatures 

The study showed that the TPC of okra infusion 

increased parallel to the increase in temperatures (Table 

1). The okra infused in water at the temperature of 60°C 

had the highest TPC (49.41±1.09 mg GAE/L sample), 

followed by 36.28±0.60 mg GAE/L sample (50°C) and 

19.05±1.45 mg GAE/L sample (40°C). In contrast, the 

okra infused in water at ambient temperature exhibited 

the lowest TPC (14.03±1.23 mg GAE/L sample). 

This result was in line with the study reported by 

Sun et al. (2017), who discovered that the TPC of 

wolfberry infusion increased with the increased 

temperatures. This phenomenon could be attributed to 

the release of phenolic compounds in the cellular 

constituents of the water at higher infusion temperatures, 

which will eventually contribute to their antioxidant 

activities. Several studies have mentioned that catechin, 

quercetin, epicatechin, and flavonoid derivates are the 

common phenolic compounds found in okra that might 

exhibit important antioxidative roles (Khomsug et al., 

2010). Studies done by Peter et al. (2021) and Ćujić et 

al. (2016) clearly showed that even simple water 

extraction remained effective in obtaining better 

polyphenol yields in the aqueous fruit extract of 

Abelmoschus esculentus and dried chokeberry (Aronia 

melanocarpa), respectively. 

In fact, plants have complicated chemical pathway 

and their antioxidant mechanisms may vary. Hence, the 

DPPH free radical scavenging activity and the TAA of 

okra plant infusions were determined accordingly (Table 

1). Generally, the finding revealed that both DPPH and 

TAA of the treated samples were significantly (P<0.05) 

higher than those treated at lower temperatures. This 

condition could be explained by the heating capacity of 

water that assists the quick dissolvability of active 

components of okra into water. A similar trend of the 

study was found in several studies too (Hajiaghaalipour 

et al., 2016; Sun et al., 2017), as the antioxidant activity 

was significantly affected by the time and temperature of 

steeping and the highest was depending on the variety as 

well as different extraction conditions.  

In this study, the relationship between different 

infusion temperatures and their TPC, and antioxidant 

activities were highlighted in Table 2. The result 

revealed that there was a strong positive correlation (r = 

0.927) between DPPH free radical inhibition activity and 

 (2) ( ) ( )Antioxidant activity 1 0 '0 ' 100A At A A t=  − − −  

Abosrbance of sample = Absorbance of sample 

with starch - absorbance of sample without starch 
(3) 

 (4) ( ) ( )Inhibition activity % = 0 1 0 100A A A −   
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phenolic content. A similar trend was found for TPC and 

β-carotene-linoleic acid bleaching activity (r = 0.938). 

Hence, it could be explained that phenolic contents exert 

a pronounced influence on the TAA. This finding was 

supported by various researchers suggesting a good 

relationship between antioxidant activities with phenolic 

contents in respective plant samples including Anzer tea 

(Turumtay et al., 2014) and some indigenous 

Zingiberaceae species herbs (Muflihah et al., 2021).  

In addition, Sun et al. (2017) showed in their work 

that a significant relationship existed between total 

phenolic and antioxidant activity of wolfberry infusion (r 

= 0.936). Phenolic compounds are very effective in 

scavenging free radicals as they can act as effective 

electron or hydrogen agents. Moreover, they are also 

effective in neutralizing linoleic acid-free radicals and 

thus inhibiting the destruction of β-carotene 

(Wettasinghe and Shahidi, 1999). However, other 

contributing factors to the antioxidant activities include 

the plant species, and polysaccharides and peptides 

should not be disregarded. This was because most plants 

contain a wide range of natural bioactive constituents 

that have been reported to exert promising antioxidative 

or scavenging properties (Wang et al., 2016). 

3.2 α-amylase inhibition activity of okra samples 

The inhibition activity of okra decreased with the 

increase of infusion temperatures (Table 3). Generally, 

the inhibition activity of okra infusion at different 

infusion temperatures was relatively lower (P<0.05) as 

compared to positive standard acarbose (65.04±0.48% at 

0.5 mg/mL). In fact, okra infused at ambient temperature 

had the highest α-amylase inhibition activity 

(47.95±1.77%), while those infused at 60°C exhibited 

the lowest α-amylase inhibition activity (34.44±0.53%).  

A similar trend was reported by Singh and Kaur 

(2015) that α-amylase inhibition activity of P. emblica 

leaf extract decreased when treated from 40 to 100°C. 

There was limited evidence to discuss the effect of 

infusion temperatures on the α-amylase inhibition 

activity, as it might be affected by various factors, 

including extraction methods, use of solvents and their 

polarity, pH, temperature and incubation time (Xu and 

Chang, 2007; Liao et al., 2012). 

This study's result suggested that an increase in the 

infusion temperature causes a decrease in the antidiabetic 

activity of okra infusion. However, the conclusion 

cannot be fully drawn as this study only used α-amylase 

inhibition activity to determine its antidiabetic activity. 

Among flavonoids that might be contained in plants 

including okra, only myceritin shows α-amylase 

inhibitory activity. Therefore, additional assays should 

be considered for future investigation to elucidate clearly 

its inhibitory reaction. 

 

4. Conclusion 

The results showed that different infusion 

temperatures affect the okra plant’s phenolic content and 

antioxidative activities. The highest TPC was found in 

Temperature (°C) 
TPC 

(mg GAE/L sample) 
DPPH 

(mg ascorbic acid /L sample) 
β-carotene-linoleic acid 

bleaching activity (%) 

Ambient Temperature (25) 14.03±1.23a 5.07±1.41a 34.85±3.03a 

40 19.05±1.45b 25.40±1.25b 40.91±3.47b 

50 36.28±0.60c 47.12±1.47c 54.80±0.44c 
60 49.41±1.09d 50.68±0.11d 57.32±1.15cd 

Table 1. Comparison of total phenolic content (TPC), DPPH and total antioxidant activity (TAA) of okra infusion at different 

infusion temperatures. 

Values are presented as mean±SD of triplicates. Values with different superscripts within the same column are statistically 

significantly different at P<0.05.  

  
DPPH free radical 

scavenging activity (%) 
β-carotene linoleic acid 

bleaching activity (%) 

TPC (mg GAE/L sample) 0.927** 0.938** 

Table 2. Pearson’s correlation coefficients between total phenolic content (TPC) and DPPH free radical scavenging activity; 

TPC and β-carotene linoleic acid bleaching activity. 

** Correlation is significant at the 0.01 level (2-tailed). 

Table 3. The α-amylase inhibition activity of okra infusion at 

different infusion temperatures. 

Values are presented as mean±SD of triplicates. Values with 

different superscripts are statistically significantly different at 

P<0.05.  

Temperature (℃) α-Amylase inhibition activity (%) 

Ambient Temperature (25) 47.95±1.77d 

40 42.56±0.44c 

50 37.18±0.68ab 

60 34.44±0.53a 

Acarbose 65.04±0.48e 
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okra infused at 60°C, which also significantly improved 

its antioxidant activity. On the contrary, the increase in 

infusion temperature reduced the α-amylase inhibitory 

activity of the okra plant. This study also provides an 

insight to the public that consuming okra infusion could 

serve as a feasible antioxidant source in future. Further 

study will emphasize the elucidation of complete 

antioxidant and antidiabetic profiles to validate this 

preliminary finding on the whole okra plant infused at 

different temperatures. 
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