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ABSTRACT: Antioxidant rich green leafy vegetables including garden spinach leaf, water spinach leaf, Indian spinach leaf, 

and green leaved amaranth were selected to evaluate the effects of water boiling and oil frying on their total phenolic con-

tent (TPC), total flavonoid content (TFC), reducing power (RP), and antioxidant capacity. The results revealed that there 

was a significant increase in TPC, TFC, and RP in all the selected vegetables indicating the effectiveness of the cooking 

process on the antioxidant potential of leafy vegetables. Both cooking processes enhanced significantly (P<0.05) the radi-

cal scavenging ability, especially the oil fried samples showed the highest values. There is a significant reduction in the 

vitamin C content in all the vegetables due to boiling and frying except in the Indian spinach leaf. However, the present 

findings suggest that boiling and frying can be used to enhance the antioxidant ability, by increasing the bioaccessibility 

of health-promoting constituents from the four vegetables investigated in this study.
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INTRODUCTION

Reactive oxygen species (ROS), including free radicals 

such as singlet oxygen, superoxide anion, hydroxyl radi-

cal, and hydrogen peroxide (H2O2) are continuously 

formed in the human body during cellular metabolism, 

such as energy production in the mitochondria, electron 

transport chain, phagocytosis, arachidonic acid metabo-

lism, ovulation, fertilization, and in xenobiotic metabo-

lism (1). These reactive species cause oxidative damage 

by reacting with nearly every molecule found in living 

cells (2) and play an important role in the development 

of several pathological conditions such as lipid peroxi-

dation, protein oxidation, DNA damage, and cellular de-

generation. Diseases such as atherosclerosis, carcinogen-

esis, diabetes, rheumatoid arthritis, osteoporosis, ulcers, 

sunburn, cataracts, and aging have been linked to oxygen 

radicals and ROS (3). Antioxidants constitute a diverse 

group of compounds with different properties. Antioxi-

dants enzymes (naturally produced in the body) and an-

tioxidant nutrients (found in foods) can scavenge or de-

activate the reactive free radicals and repair oxidant-in-

duced injury (4). Although there effective endogenous 

(catalase, superoxide dismutase, and glutathione peroxi-

dase/reductase) and exogenous (vitamin C, E, and β-car-

otene) antioxidant defense mechanisms to protect the 

body against oxidant attacks, sometimes it cannot cope 

with the oxidant load in the body, and additional dietary 

antioxidants are needed. As a result, much attention fo-

cused on the use of antioxidants especially natural anti-

oxidants to inhibit and prevent damage from free radicals 

and ROS. Plant derived foods are recognized as sources 

of natural antioxidants such as flavonoids and related 

phenolic compounds that combat oxidative stress in the 

body by maintaining a balance between oxidants and an-

tioxidants (5,6). Among plant foods, green leafy vegeta-

bles and grains are rich sources of antioxidants apart 

from energy, protein, and selected micronutrients. Epide-

miological studies have shown that intake of vegetables 

and fruits can protect humans against oxidative damage 

by inhibiting or quenching free radicals and reactive oxy-

gen species (7).

In general, most of the green leafy vegetables undergo 

a cooking process prior to consumption on the basis of 

convenience and taste preference rather than retention 

of nutrient and health promoting compounds. Cooking 

can make food microbiologically safer to eat as well as to 

improve the edibility of the food. It also can induce sig-

nificant changes in physical characteristics, chemical com-

position, and influence the concentration and bioavail-

ability of bioactive compounds in vegetables (8-10). The 

nutritional value is increased or decreased depending on 
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Table 1. Experimental leafy vegetables

Scientific name English name Local name

Spinacia oleracea L. Garden spinach leaf Palong Shak

Ipomoea aquatic 

Forssk
Water spinach leaf Kalmi Shak

Basella rubra L. Indian spinach leaf Pui Shak

Amaranthus 

gangeticus L.
Green leaved 
amaranth

Data Shak

the cooking method. The cooking method not only affects 

the nutritional composition of the food, but also the lev-

el of available bioactive compounds.

However, information abounds on the antioxidant ca-

pacity of tropical fruits and vegetables (8,9,11,12), but 

data on the effects of cooking on the nutritional proper-

ties and antioxidant capacities of green leafy vegetables 

are still limited. It is important to know what happens to 

their antioxidant activity during common domestic cook-

ing processes and how much of it is really retained after 

cooking. Therefore, this study was carried out to deter-

mine the effects of domestic cooking practices (boiling 

and frying) on the antioxidant qualities of four types of 

green leafy vegetables (garden spinach, water spinach, In-

dian spinach, and green leaved amaranth) with the hope 

that the results would guide to an optimum cooking 

method that results in the highest retention of the anti-

oxidant capacity and radical scavenging activity of leafy 

vegetables to improve their functional activity.

MATERIALS AND METHODS 

Plant materials

Four freshly harvested leafy vegetables: Spinacia oleracea 

L. (garden spinach leaf), Ipomoea aquatic Forssk (water 

spinach leaf), Basella rubra L. (Indian spinach leaf), and 

Amaranthus gangeticus L. (green leaved amaranth) were 

purchased from the local market of Dhaka, Bangladesh 

(Table 1) and transported to the laboratory. The taxon-

omy of the vegetables (13) shown in Table 1.

Preparation of vegetable samples

Edible parts of leafy vegetables were washed with tap 

water, dried on a socking paper for 20 min, and chopped 

into small pieces. The chopped leaves were divided into 

three parts: 1) fresh (uncooked served as control), 2) 

boiled (100 g vegetables were boiled in 150 mL of water 

in a stainless steel pan and cooked until tender), and 3) 

fried (100 g vegetables were fried in a frying pan with 10 

mL hot refined soybean oil until the sample became 

crisp-tender). 

Preparation of vegetable extract

Fresh and cooked vegetables were blended for 5 min and 

5 g blended sample was put in a homogenizer tube and 

50 mL of 80% methanol was added. The mixture was ho-

mogenized and centrifuged at 10,000 rpm for 10 min. 

The supernatant was filtered through Whatman No. 1 fil-

ter paper. The filtrate was collected in amber bottles and 

stored at refrigerated temperature until analysis.

Reagents and standards

Methanol (80%), Folin-Ciocalteau’s reagent (10%), so-

dium carbonate (7.5%), standard gallic acid, ammonium 

chloride (10%), potassium acetate (1 M), tandard querce-

tin, 1,1-diphenyl-2-picryl hydrozyl radical (DPPH), stand-

ard Trolox, phosphate buffer (0.2 M, pH 6.6), potassium 

ferricyanide (1.0%), trichloroacitic acid (10%), and ferric 

chloride (0.1%) were prepared. All reagents and stand-

ards were supplied by Sigma-Aldrich Co., Munich, Ger-

many. 

Determination of total phenol content (TPC)

The TPC of the extracts was determined using the meth-

od reported by Singleton et al. (14). The extract was oxi-

dized with 2.5 mL of 10% Folin-Ciocalteau’s reagent 

(v/v) and neutralized 2.0 mL of 7.5% sodium carbonate. 

The reaction mixture was incubated for 1.5 h at room 

temperature, and the absorbance was measured at 765 

nm using a Spectro UV-Vis Dual Beam Model UVS-2700 

(Labomed, Inc., Los Angeles, CA, USA). The total phenol 

content was subsequently calculated using gallic acid as 

standard. Results were expressed as milligram gallic acid 

equivalents (GAE)/100 g of sample. 

Determination of total flavonoid content (TFC)

The TFC of the extracts was determined by the method 

of Ebrahimzadeh et al. (15). A 0.5 mL of appropriately 

prepared extract was mixed with 1.5 mL methanol, 0.1 

mL of 10% AlCl3, 0.1 mL of 1 M potassium acetate, and 

2.8 mL distilled water and incubated at room temper-

ature for 30 min. The absorbance was measured at 415 

nm using a Spectro UV-Vis Dual Beam Model UVS-2700 

(Labomed, Inc.). The TFC was calculated using querce-

tin as standard, and values were expressed in terms of 

quercetin equivalents (mg QE/100 g) of the samples.

DPPH radical scavenging activity

The free radical scavenging ability of the extracts against 

DPPH radical was evaluated as described by Ebrahimzadeh 

et al. (16). A 450 μL of the extract was mixed with 4.5 

mL of 300 μM methanolic solution containing the DPPH 

radical. The mixture was left in the dark for 30 min, and 

the absorbance was measured at 517 nm using a Spectro 

UV-Vis Dual Beam Model UVS-2700 (Labomed, Inc.). 

The antioxidant activity was expressed as the percentage 

of reduction of the initial DPPH absorption by test sam-

ples as follows: 
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Fig. 1. Effect of cooking methods on total phenol content of 
green leafy vegetables. Data are means±standard deviations of 
three replicates. Different letters (a-c) for each vegetable are 
significantly different (P<0.05). GAE, gallic acid equivalents.

Fig. 2. Cooking effects on flavonoids content of green leafy veg-
etables. Data are means±standard deviations of three replicates.
Different letters (a-c) for each vegetable are significantly differ-
ent (P<0.05). QE, quercetin equivalents.

DPPH radical scavenging effect (%)=
A0−At×100
A0

where A0 is absorbance of the control and At is absorb-

ance of the sample. 

Determination of reducing power (RP)

The RP of the extract was determined according to the 

method of Oyaizu (17). A 2.0 mL aliquot was mixed with 

2.0 mL of 0.2 M sodium phosphate buffer (pH 6.6) and 

2.0 mL of 1% potassium ferricyanide. The mixture was 

incubated at 50°C for 30 min and after cooling, 2.0 mL 

of trichloroacetic acid (10%) was added to the mixture, 

which was then centrifuged at 3,000 rpm for 10 min. The 

upper layer of solution (5.0 mL) was mixed with 1.0 mL 

ferric chloride (0.1%), and the absorbance was measured 

at 700 nm using a Spectro UV-Vis Dual Beam Model 

UVS-2700 (Labomed, Inc.). The RP content was calcu-

lated using butylated hydroxytoluene (BHT) as standard. 

Results were expressed as milligram BHT equivalents/ 

100 g of the samples. 

Statistical analysis

Results are expressed as the means±standard deviations 

of three replicates and statistically analyzed using SPSS 

for Windows version 20.0 (SPSS Inc., Chicago, IL, USA). 

Differences between variables were tested for signifi-

cance at the P<0.05 level using analysis of variance. 

RESULTS AND DISCUSSION

Effect of cooking on TPC and TFC

It is well known that phenolic compounds as well as fla-

vonoids are the most abundant antioxidants in fruits and 

vegetables that reduce the incidence of chronic diseases, 

such as cardiovascular disease, diabetes, and cancer (18). 

Fig. 1 and 2 illustrate the effects of boiling and frying on 

the TPC and TFC in methanolic extracts from different 

green leafy vegetables. 

In fresh conditions, 3 leafy vegetables (green leaved 

amaranth, water spinach leaf, and Indian spinach leaf) 

had similar TPC (93.33, 92.14, and 91.95 mg GAE/100 

g) whereas garden spinach leaf had the lowest (58.14 mg 

GAE/100 g). Accordingly, raw green leaved amaranth 

had the highest TFC (128.54 mg QE/100 g) followed by 

water spinach leaf, garden spinach leaf, and Indian spin-

ach leaf. Cooking processes increased the TPC and TFC 

in all the studied leafy vegetables. Frying showed signif-

icantly higher TPC and TFC compared to raw and water 

boiling (Fig. 1 and 2) because the heating process makes 

available most of the phenolic compounds trapped in fi-

ber of green leafy vegetables as explained by Adefegha 

and Oboh (19). The researchers also found that steam 

cooking resulted in a significant increase in TPC and TFC 

of 8 types of tropical green leafy vegetables. Accordingly, 

the percentage gain of TPC and TFC was significantly 

higher in cooked vegetables, especially in fried vegetables 

compared to boiled vegetables (Fig. 3). This might be 

due to the breakdown of cell walls and the release of bi-

oactive compounds for easier absorption in the small in-

testine (6). Fried green leaved amaranth and Indian spin-

ach leaf showed the highest percent gain of phenol con-

tent (111.99%) and flavonoid content (174.11%), res-

pectively. Our results are in agreement with an earlier 

report by Dewanto et al. (20) where ferrulic acid, a phe-

nolic found in the cell wall of grains such as corn, wheat, 

and oats, doubled after 10 min of cooking and increased 

by as much as 90% after 50 min of cooking. Several re-

searchers have found similar trends of the changes in 

phenolics upon different types of cooking or heating sys-

tems. Ferracane et al. (21) observed that common cook-

ing practices (i.e., boiling, steaming, and frying) increase 

the overall caffeoylquinic acid concentration of artichoke 

due to the formation of different dicaffeoylquinic acid iso-

mers as evaluated by liquid chromatography-mass spec-

trometry (MS)/MS analysis. Moreover, heat treatment 

could increase free phenolic acids as detected by high- 
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Fig. 4. Effects of cooking on radical scavenging activity (%) and reducing power (mg butylated hydroxytoluene equivalents/100 
g) of leafy vegetables in relation to total phenolic content (mg gallic acid equivalents/100 g). Data are means±standard deviations 
of three replicates. Different letters (a-c) for each vegetable are significantly different (P<0.05). 

Fig. 3. Effect of cooking methods on percentage of gain (% gain) 
of total phenol and flavonoids content in green leafy vegetables.

performance liquid chromatography in citrus peel extracts 

(22).

Effect of cooking on antioxidant activity of leafy vegetables

Phytochemicals present in foods protect our body from 

the deleterious effects of free radicals produced in the 

body by preventing their production or neutralizing free 

radicals or chelating the transition metal composition of 

foods (23). The DPPH free radical scavenging ability of 

raw and cooked extracts of the leafy vegetables are pre-

sented in Fig. 4. The results revealed that among the 

raw leafy vegetables, the methanolic extracts of water 

spinach leaf and green leaved amaranth had significantly 

higher DPPH radical scavenging activity than the other 

vegetables (Indian spinach leaf and garden spinach leaf). 

Both, water boiling and oil frying processes significantly 

increased (P<0.05) the radical scavenging ability com-

pared to raw leafy vegetables, especially the fried samples 

showed the highest value. Fried green leaved amaranth 

showed highest percent gain in radical scavenging capacity 

(111.98%) among the 4 leafy vegetables (Fig. 5). Morales 

and Babel (24) suggested four possible reasons for the 

increase in antioxidant activity of vegetables after cook-

ing: 1) the liberation of high amounts of antioxidant com-

ponents due to the thermal destruction of cell walls and 

sub cellular compartments, 2) the production of strong-

er radical-scavenging antioxidants by thermal chemical 

reaction, and/or 3) suppression of the oxidation capacity 

of antioxidants by thermal inactivation of oxidative en-

zymes, 4) production of new non-nutrient antioxidants or 

the formation of novel compounds such as Maillard re-

action products with antioxidant activity. In the present 

study, an increment in radical scavenging activity was 

found to be correlated with the increase of the TPC of 

the green leafy vegetables as illustrated in Fig. 4. This re-

sult also indicates that phenolics could be the main anti-

oxidant phytochemicals in leafy vegetables. Several re-

searchers found this correlation between the total phe-

nol content of some plant foods and their antioxidant ca-
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Fig. 6. Percentage of gain of reducing power of different leafy 
vegetables after cooking.

Fig. 7. Effect of cooking methods on vitamin C content of leafy 
vegetables. Data are means±standard deviations of three 
replicates. Different letters (a-c) for each vegetable are sig-
nificantly different (P<0.05).

Fig. 5. Percentage of gain of antioxidant activity in leafy vegeta-
bles subjected to cooking.

pacity (9,25-29). Hence, the results indicate that the 

cooked, especially fried vegetables, would be better for 

enhancing the antioxidant potential of the diet.

Effect of cooking on RP

The antioxidants present in the vegetable extracts pos-

sess functional properties such as free radical scavenging 

and RP, along with other activities mitigating the devas-

tating action of free radicals produced in the body. The 

reducing property is a significant mechanism for anti-ox-

idation potential of a food item (30). In the present 

study, the RP of raw and cooked extracts was assessed 

based on the ability to reduce Fe (III) to Fe (II), and the 

results are presented in Fig. 4. The results revealed that 

all the boiled and fried vegetables possesed significantly 

higher capacity to reduce free radicals than the raw sam-

ples. The increased RP might be due to the increase in 

TPC and TFC during cooking as shown in Fig. 1 and 2. 

Adefegha and Oboh (19) also found increased RP in 8 

types of cooked tropical vegetables. The value of percent 

gain in RP also indicates the effectiveness of cooking 

process on the antioxidant potential of leafy vegetables. 

Among the 4 leafy vegetables, green leaved amaranth 

showed the highest DPPH in raw (19.73), boiled (77.03), 

and fried (81.99) extract indicating that the green leaved 

amaranth had the highest free radical-reducing potential 

(Fig. 4). Water spinach leaf showed maximum gain in RP 

after boiling and frying (57.66 and 141.99%), respectively 

(Fig. 6).

Effect of cooking on vitamin C content

Vitamin C, a well-known potent dietary water soluble an-

tioxidant, can react with peroxyl radicals, and help con-

trol lipid peroxidation of cellular membranes (23). Green 

leafy vegetables are excellent sources of vitamin C, al-

though processing methods affect its stability because of 

its high water solubility and low resistance to heat treat-

ment (31,32). Thus, the fate of the vitamin C levels in 

the studied 4 types of leafy vegetables is presented in 

Fig. 7. Among the 4 leafy vegetables, fresh (raw) Indian 

spinach leaf had the highest amount of vitamin C (69.33 

mg/100 g) compared to the other vegetables. Whereas 

raw leaves of garden spinach leaf, green leaved amar-

anth, and water spinach leaf had vitamin C contents of 

36.93, 38.33, and 34.66 mg/100 g, respectively. Howev-

er, the three samples (garden spinach leaf, green leaved 

amaranth, and water spinach leaf) showed a similar trend 

as reported earlier that both boiling and frying signifi-

cantly reduced the vitamin C content for some tropical 

vegetables and reported 47.5∼82.4% loss in vitamin C 

content after blanching of vegetables (12,33). In our 

study, the maximum loss of vitamin C due to cooking 

was found in water spinach leaf followed by garden spin-

ach leaf and green leaved amaranth. In all cases, frying 

caused greater loss than boiling. The only one green leafy 

vegetable, Indian spinach leaf, showed a reverse effect. 

There was a significant increase of vitamin C content in 

both, boiled and fried Indian spinach leaf samples (Fig. 

7), and the percent gain due to boiling and frying were 

14.81 and 26.43, respectively (Fig. 8). The apparent in-

crease may be attributed to loss of soluble solids: the rate 

of diffusion of ascorbic acid out of the cell may be slower 

than that of other solids such as sugars (34). Another 

possible reason for the increment of vitamin C is that 

Indian spinach leaf leaves are an excellent source of mu-
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Fig. 8. Percentage of gain of vitamin C of different vegetables 
after cooking.

cilage (non-starch polysaccharide) that might slow down 

vitamin C degradation during cooking practices. Howev-

er, there is no literature where any clear distinctions are 

drawn in favor of this finding. This poses an avenue for 

future research.

Finally, it can be concluded that the present study pro-

vides further evidence that leafy vegetables are rich in 

phenolics and flavonoid as antioxidants. Cooking has a 

determining effect on the levels of bioactive components 

and antioxidant capacities of vegetables. Although cook-

ing results in vitamin C loss, this study provides the first 

report on the increase of vitamin C in cooked leafy vege-

tables (Indian spinach leaf). This study demonstrated 

that the oil frying process would be better for enhancing 

antioxidants and the free-radical scavenging potential of 

the 4 green leafy vegetables investigated in this study.
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