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Cooking methods affect eating quality, bio-functional components, antinutritional compounds and

sensory attributes of selected vegetables
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Abstract

The study aimed to evaluate the effect of boiling, air-frying and microwave methods of cooking on the phyto-
chemical and antinutritional activity of some vegetables. Total phenolic content was the highest in kale (9.70 mg
GAE/g) using air frying and in carrot using microwave (9.15 mg GAE/g) and boiling (5.16 mg GAE/g) methods.
The cooking of vegetables for 15 min of air frying depicted a significant increase in total flavonoids. Oxalate con-
tent in vegetables were significantly reduced by air frying, tannins by boiling and saponin in microwave cooking.
A significant decrease in oxalate content was observed in kale by air frying and boiling methods, in carrot by

microwave cooking, and reduction in tannins in tomatoes by air frying and boiling methods.
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Introduction

In recent years, consumption of food with bioactive
ingredients with nutraceutical potential has increased in
consumer diet. Vegetables are one of the natural foods
associated with numerous healthy ingredients and are
recommended as a part of a healthy lifestyle for end users.
Vegetables, consumed as raw, cooked or in processed
form, are parts of fresh plants which provide nutrition
to humans (Groch, 2008). Consumption of vegetables
in the human diet is associated with health benefits
because of immunoregulatory and antioxidant properties
to fight inflammatory, allergic, atherogenic, microbial,
thrombotic, cardiovascular diseases, cancer and diabe-
tes (Rashmi and Negi, 2020). Vegetables are a rich source
of fibers, vitamins, minerals and phenolic components
(Septembre-Malaterreb et al., 2018). The presence of bio-
active nutrients in vegetables is associated with health
benefits to fight chronic diseases (Eliassen et al., 2012;

Pojer et al., 2013). Phytochemicals, such as flavonols,
isoflavones, phenolic acids, flavones, and carotenoids,
present in vegetables have demonstrated antioxidant,
anti-inflammatory and antitumor effects (Septembre-
Malaterreb et al., 2018). Besides phytochemicals, there
are secondary metabolites such as antinutrients with a
detrimental effect on nutrients and sensory properties
of vegetables. Antinutrients most commonly present in
vegetables are lectins, tannins, phytic acids, saponins,
phytates, glucosinolates, cyanogens and phytoalexins,
with reduced bioavailability of essential components
and inhibition of digestive enzyme activity (Septembre-
Malaterreb et al., 2018; Kaur et al., 2015).

Kale, a leafy and nutritionally important vegetable of the
family Brassica, is consumed in different parts of the world
(Singh et al., 2009). Kale is a good source of ascorbic acid,
carotenoids, flavonoids and polyphenol-rich compounds
with health-promoting phytochemicals having reduced
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risk of heart disease, cancers and diabetes (Chenard et al.,
2015; Ferioli et al., 2013; Korus and Lisiewska, 2011).

Spinach is a nutritious leafy vegetable containing a good
amount of vitamins, dietary fiber, minerals and polyun-
saturated fatty acid, a therapeutic ingredient used against
arthritis, obesity, cancer, osteoporosis and anemia
(Bassey and Khan, 2015; Patricia et al., 2014).

Beans belong to the family Fabaceae and are rich in
proteins, starch, dietary fiber, minerals and vitamins
(Siddiq et al., 2010). Beans have been associated with
many health benefits because of dense and rich ingredi-
ents such as flavonoids, phenolic acids and isoflavones
(Aparicio-Fernandez et al., 2005; Granito et al., 2008; Lin
et al., 2008; Chung et al., 2008).

Carrots are one of the most important vegetables with
a potentially rich source of carbohydrates, minerals and
carotenoids with anticarcinogenic, antioxidants, and
immune-boosting properties (Fiedor and Burda, 2014;
Tanaka et al., 2012).

Tomato is a globally cultivated fleshy vegetable with
dense and rich nutritive components, including vitamins,
minerals and phytochemicals that impart health benefits
(Frusciante et al., 2007). Tomato usage in the diet has
been related to the reduction of inflammatory risk pro-
cesses, cancer, cardiovascular disease, hypertension, dia-
betes and obesity (Adams et al., 2011.

Vegetables with health beneficial ingredients are primar-
ily consumed after processing using different cooking
methods with aim of enhancing palatability, digestibil-
ity and taste. Cooking treatment induces physical and
chemical changes, structure, nutritional quality and tex-
ture of vegetables (Rehman et al., 2003; Tepe and Ekinci,
2021). It also induces cell wall permeability and increases
the extraction of phytochemicals and reduction in ant-
nutrients (Rodriguez-Amaya, 1999). A significant loss of
vitamins and phytochemicals has been observed during
the cooking of vegetables that varies with different cook-
ing methods (Lin and Chang, 2005). Different cooking
methods, such as boiling, microwave, steaming, grid-
dled, frying, and baking, affect the structural and nutri-
tional profile of vegetables (Fabbrin and Crosby, 2016;
Zhan and Hamauzu, 2004). Oven cooking, air frying,
boiling, steaming, microwave treatment, steaming and
vacuum cooking are different methods of cooking used
for different vegetables to enhance their nutritional pro-
file, bioactive potential, reduce the antinutritional ability
and improve sensory acceptability (Fratianni et al., 2021;
Nartea et al., 2021; Rana et al., 2021; Rinaldi et al., 2021;
Salamatullah et al., 2021; Sun and Ling, 2021). Domestic
methods of cooking, such as boiling, air frying and micro-
wave cooking, have increased with an added interest in

the phytochemical and antioxidant activity of cooked veg-
etables. The present study proposes to use optimum time
by applying boiling, air frying and microwave methods of
cooking, and their effect on phytochemical and antioxi-
dant activity of kale, spinach, beans, carrot and tomatoes.

Material and Methods
Materials

Fresh kale (Brassica oleracea var. acephala L.), spinach
(Spinacia oleracea L.), beans (Phaseolus vulgaris L.), carrot
(Daucus carota L.) and tomatoes (Solanum lycopersicum
L.) were purchased from the vegetable market of Kashmir
Valley. After proper removal of post-harvest nonedible
parts, the edibles were soaked in clean water (25°C, pH 7),
dried and diced into uniform slices. The dried vegetables
were subsequently divided into four parts and treated with
boiling, air frying and microwave cooking method.

Cooking Treatments

Boiling: Vegetable samples (100 g) were boiled at 100°C
in a stainless steel pan with 150-mL distilled water for 2,
4 and 6 min until it becomes tender.

Air frying: Vegetable samples (100 g) were fried at 200°C
in an air fryer with 5 mL of hot refined oil for 7.5, 10 and
15 min.

Microwave: Vegetable samples (100 g) were micro-cooked
in 150 mL of water at 800-W power for 1, 2.5 and 5 min.

The cooking was followed by an afterward tempering period
of a few minutes at room temperature. The tempered sam-
ples were subjected to homogenization in a blender. The
homogenized samples were packed in polyethene pouches,
sealed and stored at -20°C for further analysis.

Proximate analysis

The proximate composition of vegetable samples was
determined according to standard procedures of the
Association of Official Analytical Chemists (AOAC,
2002) for moisture (method 925.09), fat (method 920.39),
protein (method 955.04), crude fiber (method 962.09)
and ash content (method 991.43).

Phytochemical and antioxidant activity of vegetables

Preparation of extract
Homogenized vegetable samples, 2 g, were extracted
with 80% methanol (50 mL). Then centrifugation of
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samples was performed at 2,200 rpm for 15 min at room
temperature. The decanted supernatant was stored at 4°C
for determining total phenolic content, total flavonoid
content and antioxidant activity of vegetable samples.

Total phenol content

The total phenolic content of vegetable samples was
determined according to the method demonstrated by
Singleton et al. (1999). A sample extract of 0.2 mL was
treated with Folin Ciocalteu reagent (1 mL). After 3 min,
the reaction mixture was added with 20% sodium carbon-
ate solution (0.80 mL) and stirred properly and incubated
for 2 h at ambient temperature. The absorbance value of
the reagent mixture was measured at a wavelength of 725
nm using an ultraviolet-visible spectroscopy (UV/VIS)
(UV-1700 Spectrophotometer, Japan). The results were
expressed as mg GAE/g using gallic acid as standard.

Total flavonoid content

The total flavonoid content of cooked vegetables was
measured by the method described by Ebrahimzadeh et
al. (2008). A sample extract of 2 mL was mixed with 10%
aluminium chloride (100 pL), followed by the addition of
1 N potassium acetate (100 puL). The reagent mixture was
diluted with 2.8 mL of distilled water. The sample mix-
ture was incubated at room temperature for 30 min and
absorbance was measured at 415 nm. The total flavonoid
content was expressed as quercetin equivalent (mg QE/g
of sample) using quercetin as standard.

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
activity

The DPPH free radical assay was used to determine
the antioxidant activity of cooked vegetables as per the
method described by Mulla and Ahmed (2019). Sample
extract, 100 puL, was used for antioxidant activity and was
added with 1 mL of 0.01% DPPH reagent. The sample
mixture was stirred properly and incubated for 30 min in
the dark. Absorbance was measured at 517 nm after 30
min using a spectrophotometer. The antioxidant activity
using free radical scavenging was measured as follows:

Abs control — Abs sample 5
Abs control

100

(1)

Antioxidant acitivity (%) =

where Abs control = absorbance of control at 30 min, and
Abs sample = absorbance of sample solution at 30 min.

Antinutritional component analysis
of cooked vegetables

Oxalate content
The oxalate content of cooked vegetables was determined
using the method described by Ghoora et al. (2020) with

minor modifications. Cooked vegetable sample (1 g) was
treated with 75 mL of 3-M sulfuric acid, stirred con-
stantly for 1 h, followed by filtering through Whatman
filter paper No. 1; 25-mL filtrate aliquot was titrated
with potassium permanganate (KMNO, 0.05 M) solu-
tion till faint pink color appeared as endpoint. Titration
with 1 mL of 0.05-M KMNO, is related to 2.2 mg of oxa-
late (Chinma and Igyor, 2007) and expressed as mg/g of
oxalate.

Tannin content

The tannin content in vegetables was analyzed according
to the standard procedure of AOAC (2002) with minor
modifications. The cooked vegetable sample (3 g) was
extracted with distilled water for 4 h and filtered for tan-
nin analysis. Tannin extract amounting to 25 mL was
treated with 25 mL of indigo solution. The mixture was
diluted with 750 mL of distilled water and titrated with
0.1-N KMNO, solution until the blue color of the solu-
tion changed to green color. Finally, tannin content in
samples was calculated using the following equation:

Tanin (mg/g) = (V - V,) x 0.004157 x 250 x 100/g x 25,
(2)

where V and V  are volume of 0.1-N KMNO, solution for
the titration of sample and blank (without the sample),
respectively; 0.004157 is the tannin factor.

Saponin content

Saponin content in cooked vegetables was determined by
the method described by Obadoni and Ochuko (2001).
Cooked vegetables (3 g) were mixed with 20% aqueous
ethanol (30 mL) with constant stirring for 3 h on a hot
plate. The sample of ethanol mixture was filtered and
concentrated, followed by the addition of 10-mL diethyl
ether in a separating funnel with vigorous shaking. The
separated aqueous part was used and treated with n-bu-
tanol (20 mL). The n-butanol extract was washed twice
with 5% aqueous NaCl (10 mL). The remaining solution
was heated in a water bath. Finally, the concentrated
sample formed after evaporation was dried on a dry bath
to a constant weight. The saponin content was expressed
using the following equation:

W, W,

Saponin (mg/g) = %100, (3)

where W is the weight of the evaporating disk, W, is the
weight of the disk and sample and W is the weight of the
sample.

Sensory analysis of cooked vegetables

The sensory evaluation of cooked vegetables was per-
formed by 15 semi-trained panellists having the basic
knowledge of sensory analysis, nutritional interest and
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willingness to participate. The assessment was exercised
for color, flavor, taste texture and overall acceptability
score using a 5-point hedonic rating scale to generate
the following measurable sensory scores: Excellent for a
score of 5, Good for a score of 4, Average for a score of 3,
Fair for a score of 2 and Poor for a score of 1.

Statistical analysis

The experimental data were expressed as mean and
standard deviation in triplicate using SPSS Version 16.
Phytochemical and antinutritional analyses were per-
formed using one-way ANOVA, followed by Duncan’s
multiple range tests at a 5% level of significance.

Results and Discussion
Proximate composition of fresh vegetables

The nutrition analysis of fresh vegetables selected for
different cooking methods is presented in Table 1. The
selected vegetables differed significantly in nutritional
composition. The moisture content of fresh vegeta-
bles ranged from 84 to 83 g/100 g. Tomatoes depicted
the highest moisture content (91.60 g/100 g), followed
by carrot (89.30 g/100 g), kale (88.60 g/100 g), beans
(81.80 g/100 g) and the lowest in spinach (81.97 g/100 g).
The selected fresh vegetables were low in protein con-
tent, ranging from 0.86 to 3.93 g/100 g. Beans reported
the highest protein content of 3.93 g/100 g and the lowest
was determined in carrot (0.86 g/100 g). Low fat content
was reported in all vegetables, ranging from 0.20 to 0.60
g/100 g. Fiber content in fresh vegetables ranged from 1
to 10 g/100 g, and higher content was observed in spin-
ach (10.00 g/100 g), followed by beans (5.00 g/100 g),
kale (4.00 g/100 g), carrot (3.00 g/100 g) and the lowest
in tomatoes (1.00 g/100 g). Ash content in selected fresh
vegetables was the highest in spinach (2.00 g/100 g), fol-
lowed by kale (1.60 g/100 g), carrot (1 g/100 g), tomatoes
(0.80 g/100 g) and the lowest in beans (0.10 g/100 g).

Table 1. Proximate composition of vegetables.

Carbohydrate content in selected fresh vegetables varied
from 2.05 to 8.97 g/100 g, with the highest reported in
beans (8.97 g/100 g) and the lowest in kale (2.05 g/100 g).
Variations in the nutrient composition of selected vege-
tables could be due to different agro-climatic conditions
(Singh et al., 2001). Results of the nutritional composi-
tion of fresh vegetables demonstrated similar results as
reported by Naz et al. (2018) and Rani and Fernando
(2016).

Effect of cooking methods on phytochemicals of
vegetables

Total phenolic content

Boiling, air frying and microwave cooking methods
depicted increase in the level of total phenolic content
of selected vegetables (Figure 1). Among raw vegeta-
bles, total phenolic content was reported the highest
in tomatoes (2.03 mg GAE/g), followed by carrot (1.97
mg GAE/g), beans (1.69 mg GAE/g), spinach (1.19 mg
GAE/g) and the lowest in kale (1.13 mg GAE/g). Boiling
time from 2 to 8 min significantly increased the total phe-
nolic content from 4.01 to 5.00 mg GAE/g for kale, 3.32
to 4.30 mg GAE/g for spinach, 2.07 to 4.01 mg GAE/g for
beans, 1.76 to 5.60 mg GAE/g for carrot and 2.99 to 3.63
mg GAE/g for tomatoes. The air frying of selected vege-
tables from 7.5 to 15 min reported a significant increase
in total phenolic content. Increase in total phenolic con-
tent was reported in: kale from 1.60 to 9.70 mg GAE/g,
spinach from 4.84 to 7.47 mg GAE/g, beans from 6.14 to
8.04 mg GAE/g, carrot from 2.82 to 5.12 mg GAE/g and
tomatoes from 5.31 to 6.58 mg GAE/g. Microwave cook-
ing also demonstrated increase in total phenolic content
with respect to processing time (1, 2.5, and 5 min). The
total phenolic content of selected vegetables demon-
strated an increasing trend with increase in processing
time from 1 to 5 min in microwave cooking. Increase in
the total phenolic content of selected vegetables in 1 to 5
min was reported in: kale from 4.31 to 7.78 mg GAE/g,
spinach from 4.45 to 7.24 mg GAE/g, beans from 5.20
to 7.17 mg GAE/g, carrot from 2.77 to 9.15 mg GAE/g

Proximate composition (g/100 g)

Kale Spinach Beans Carrot Tomatoes
Moisture 88.60 £ 0.10 81.97 £1.00 81.80 £ 0.01 89.30 £ 0.10 91.60 £ 1.00
Ash 1.60 £ 0.02 2.00+0.10 0.10 £ 0.69 1.00 £ 0.15 0.80 £ 0.01
Fat 0.60 £ 0.01 0.63 £ 0.01 0.20+0.39 0.20+0.39 0.40£0.01
Protein 3.15+0.02 297 +0.01 3.93 £ 0.02 0.87 £ 0.01 0.96 £ 0.01
Crude Fiber 4.00£0.10 10.00 £ 0.10 5.00 £ 0.10 3.10£0.10 1.00£0.15
Carbohydrate 2.05+0.02 2.43+0.01 8.97 £0.01 5.53 £ 0.02 5.24 +0.02
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Figure 1. Effect of different cooking methods on the phenolic content (mg GAE/g) of kale ((]), spinach (O), beans (/\), carrot
(V) and tomatoes ().

and tomatoes from 3.79 to 6.63 mg GAE/g. Use of differ-
ent cooking methods indicated significant improvement
in phenolic content of selected vegetables as compared
to raw vegetables; however, the use of microwave as a
cooking medium significantly increased the total phe-
nolic content of selected vegetables than boiling and air
frying methods. The increasing trend of total phenolic
content in selected vegetables was due to the release of
polyphenols from intracellular complexes during cook-
ing, inactivation of polyphenol oxidase (PPO) enzyme
(Oboh, 2005), release of bioactive compounds because of
the breakdown of cell walls (Ferracane et al., 2018), and
increase in free flavonols (Stewart et al., 2000). Similar
findings were also reported in cooked vegetables by
Geetha et al. (2018), Hossain et al. (2017) and Saikia and
Mahanta (2013).

Total flavonoid content

The total flavonoid content of selected vegetables is
evidenced in Figure 2. Fresh vegetables contained
0.05-0.10 mg QE/g of total flavonoids, and the highest
flavonoids were reported in spinach and the lowest in
tomatoes and kale. Boiling, air frying and microwave
cooking methods reported an increasing trend in total
flavonoids content in selected vegetables. The boil-
ing method of cooking with respect to the duration
of 2, 6 and 8 min significantly increased the total fla-
vonoids content of vegetables. With increasing boiling
time from 2 to 6 min, flavonoids content in: kale was
increased from 0.63 to 1.33 mg QE/g, spinach from
0.15 to 0.78 mg QE/g, beans from 0.12 to 0.33 mg QE/g,
carrot from 0.04 to 0.27 mg QE/g and tomatoes from
0.38 to 0.61 mg QE/g. The air frying method of cooking
demonstrated a significant increase in flavonoid content

in kale, spinach and beans than the boiling and micro-
wave methods of cooking. Selected vegetables cooked
for 7.5, 10 and 15 min by air frying method depicted
a similar trend of increased flavonoid content. The air
frying method with an optimized duration of 7.5-15
min reported an increase in flavonoid content from:
1.35 to 2.41 mg QE/g for kale, 0.96 to 2.23 mg QE/g for
spinach, 0.38 to 1.42 mg QE/g for beans, 0.04 to 0.19
mg QE/g for carrot and 0.25 to 0.31 mg QE/g for toma-
toes. Microwave cooking for a short duration of 1, 2.5
and 5 min also depicted a similar trend of increased
flavonoid content in kale, spinach, beans, carrot and
tomatoes (Figure 2). In microwave cooking, at a pro-
cessing time of 5 min, kale had the highest flavonoid
content (0.97 QE mg/g), followed by spinach (0.95 QE
mg/g), tomatoes (0.79 QE mg/g), carrot (0.52 QE mg/g)
and the lowest in beans (0.44 QE mg/g). A significant
increase in the flavonoid content of selected vegetables
by different cooking methods is attributed to extracted
flavonoid compounds of vegetable matrix and changes
in the structure of cell walls of vegetables during cook-
ing (Wachtel-Galor et al., 2008). Variations in the flavo-
noid content of selected vegetables because of different
cooking methods and processing time could be due to
differences in the extraction of flavonoids in vegeta-
bles, heating medium and duration of cooking. Similar
results of increased total flavonoid content in vegetables
were reported by Geetha et al. (2018), Mazzeo et al.
(2011) and Saikia and Mahanta (2013).

Antioxidant activity

The reported antioxidant activity of fresh vegetables
was the highest in tomatoes (25.90%), followed by carrot
(14.81%), beans (11.11%), kale (7.40%) and the lowest in
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Figure 2. Effect of different cooking methods on the flavonoid content (mg QE/g) of kale ((_]), spinach (O), beans (/\), carrot

(V) and tomatoes ().

spinach (3.70%) (Figure 3). The boiling method signifi-
cantly increased the antioxidant activity of selected veg-
etables with respect to the optimized cooking time of 2,
6 and 8 min. The boiling method of cooking for 2—8 min
reported a significant increase in the antioxidant activity
of kale (18.50-75.10 %), spinach (32.90-85.96%), beans
(27.03-51.85%), carrot (42.22—-83.70%) and tomatoes
(38.51-97.20%). Antioxidant activity in selected vegeta-
bles differed significantly with respect to optimized time
(7.5, 10 and 15 min) in the air frying method of cooking.
Antioxidant activity significantly increased from: 7.40%
to 28.14% for kale, 37.03% to 55.10% for spinach, 27.40%
to 43.70% for beans, 51.80% to 64.40% for carrot, and
35.88% to 67.93% for tomatoes. The microwave method
of cooking established a similar trend of increased anti-
oxidant activity in selected vegetables with respect to
optimized processing time (1, 2.5 and 5 min) as com-
pared to fresh vegetables. The optimized cooking time of
5 min demonstrated higher antioxidant activity, with the
highest of 92.50% reported in carrot, followed by 91.40%
for beans, 79.25% for tomatoes, 62.50% for spinach and
54.07% for kale. An increase in the antioxidant activity
of selected vegetables because of different cooking meth-
ods could be due to the Maillard reaction (Saikia and
Mahanta, 2013), secondary metabolites (Tayebeh et al.,
2021), the release of antioxidant compounds from dis-
rupted cell walls, inhibition of oxidative enzymes and
reduced oxidation of antioxidants (Morales and Babel,
2002), and increased phytochemicals during cooking
(Zeb et al., 2018). Similar findings were reported by
Agamy (2016), Hossain et al. (2017), and Mirzaei et al.
(2014).

Effect of cooking methods on antinutritional components
of vegetables

Oxalate content

Boiling, air frying and microwave cooking evidenced a
decrease in the level of oxalate content in selected vege-
tables as compared to fresh ones (Figure 4). The highest
oxalate values in raw vegetables were observed in toma-
toes (6.60 mg/g), followed by spinach (5.72 mg/g), beans
(3.96 mg/g), kale (1.58 mg/g) and the lowest in carrot
(1.41 mg/g). Cooking of selected vegetables by boiling
significantly reduced oxalate content with respect to the
optimized processing time of 2, 6 and 8 min. Reduction
in oxalate content was observed in 2—8 min of boiling,
varying from 0.88 to 0.22 mg/g for kale, 3.10 to 1.44 mg/g
for spinach, 4.10 to 2.42 mg/g for beans, 4.10 to 2.42 mg/g
for carrot and 5.50 to 4.40 mg/g for tomatoes. Air fry-
ing with optimized processing time (7.5, 10 and 15 min)
also decreased the oxalate content of selected vegetables.
Reduction in oxalate content at 15 min of processing was
observed for kale (0.20%), 1.32 mg/g for spinach, 0.44
mg/g for beans, 0.46 mg/g for carrot and 1.54 mg/g for
tomatoes. The microwave cooking method at a process-
ing time of 1-5 minutes reduced oxalate content from:
0.77 to 0.44 mg/g in kale, 2.42 to 0.88 mg/g in spinach,
4.62 to 2.86 mg/g in beans, 0.98 to 0.32 mg/g in carrot
and 6.38 to 4.35 mg/g in tomatoes. In general, cooking
methods reduced the oxalate content of vegetables as
compared to raw vegetables; however, air-frying and
boiling presented significantly higher reductions than
microwave cooking. The significant reduction in oxalate
content in selected vegetables could be due to leaching
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Figure 4. Effect of different cooking methods on the oxalate content of kale ((]), spinach (O), beans (/\), carrot (\/) and

tomatoes ().

out of soluble oxalate from disrupted tissues during the
cooking process (Catherwood et al., 2007; Yadav and
Sehgal, 2003). Reduction in oxalate content in cooked
vegetables was also observed by Agiriga and Siwela
(2018), Akhtar et al. (2014) and Hemmige et al (2017).

Tannin content

Cooking of vegetables by boiling, air frying and micro-
wave methods significantly reduced (p < 0.05) the tannin
content as compared to fresh vegetables (Figure 5). The
tannin content in fresh vegetables ranged from 6.30 to

15.4 mg/g. The highest tannin content was observed in
beans (15.4 mg/g), followed by carrot (10.2 mg/g), spin-
ach (9.20 mg/g), tomatoes (8.30 mg/g) and kale (6.30
mg/g). The tannin content in cooked vegetables reduced
significantly with respect to the optimized processing
time for boiling (2, 4 and 6 min), air frying (7.5, 10 and
15 min) and microwave cooking (1, 2.5 and 5 min). The
reduced tannin content in selected vegetables at 15 min
of boiling was observed as 0.30 mg/g for kale, 1.20 mg/g
for spinach, 1.20 mg/g for beans, 1.0 mg/g for carrot and
0.1 mg/g for tomatoes. However, air frying for 15 min and
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microwave for 5 min, respectively, recorded 2.0 mg/g and
0.1 mg/g for kale, 1.30 mg/g and 4.10 mg/g for spinach,
2.60 mg/g and 1.20 mg/g for beans, 1.50 mg/g and 1.20
mg/g for carrot and 1.0 mg/g and 1.50 mg/g for tomatoes.
The reduction of tannins in cooked vegetables could be
related to the thermal degradation of tannins during the
process of cooking (Miglio et al, 2008). Similar results in
vegetables were also reported by Alajaji and El-Adawy
(2006) and Hemmige et al. (2017).

167

Saponin content

Cooking vegetables by boiling, air frying and microwave
methods significantly reduced the saponin content of
vegetables as compared to fresh ones (Figure 6). Saponin
content in fresh vegetables ranged from 19.0 to 32.10
mg/g. The highest saponin content in raw vegetables
was observed in spinach (32.10 mg/g), followed by kale
(24.50 mg/g), beans (22.30 mg/g), tomatoes (20.30 mg/g)
and carrot (19.0 mg/g). The saponin content of cooked
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Figure 7. Effect of different cooking methods on the sensory evaluation of vegetables. A1, A2 and A3 are air frying method of
cooking vegetables for 7.5, 10 and 15 min; B1, B2 and B3 are boiling method of cooking vegetables for 2, 6 and 8 min; and M1,
M2 and M3 are microwave method of cooking vegetables for 1, 2.5 and 5 min.
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vegetables is significantly reduced with boiling, air frying
and microwave cooking. Boiling significantly reduced
saponin content with an increase in cooking time from 2
to 6 min. Reduction in saponin content at 6 min of pro-
cessing time in cooked vegetables was 16.20 mg/g for
kale, 20.60 mg/g for spinach, 9.10 mg/g for beans, 7.30
mg/g for carrot and 3.30 mg/g for tomatoes. In air fry-
ing, saponin content reduced significantly at the pro-
cessing time of 7.5, 10 and 15 min. Reduction in saponin
content of cooked vegetables at 15 min of air frying was
15.20 mg/g for kale, 13.2 mg/g for spinach, 1.10 mg/g for
beans, 7.30 mg/g for carrot and 9.20 mg/g for tomatoes.
Microwave cooking also decreased saponin content with
an optimized cooking time of 1, 2.5 and 5 min. A higher
level of reduction in the saponin content of cooked veg-
etables at 5 min of processing was as follows: 7.70 mg/g
for kale, 14.50 mg/g for spinach, 4.70 mg/g for beans,
1.30 mg/g for carrot and 2.0 mg/g for tomatoes. However,
microwave and air frying demonstrated a significantly
higher reduction in saponin content in cooked vegetables
than by the boiling method. Reduction of saponin con-
tent could be related to thermal degradation associated
with heat supplied to cooked vegetables. This was also
observed by Alajaji and El-Adawy (2006), Badifu and
Okeke (1992), Hemmige et al. (2017) and Ilelaboye et al.
(2013).

Sensory evaluation of boiling, air frying and microwave
in cooked vegetables

The sensory evaluation of vegetables is presented in
Figure 7. Cooking of vegetables by boiling, air frying
and microwave method improved the sensory property
of cooked vegetables, besides increasing bioactive com-
pounds and reducing antinutritional factors. Boiling, air
frying and microwave cooking significantly improved the
color, flavor, taste and texture of cooked vegetables with
an increased duration of optimized cooking time. In boil-
ing, the highest overall acceptability based on color, fla-
vor, taste and texture was observed at 8 min of cooking
for beans (4.2) and carrot (4.2), followed by kale (4.0) and
the lowest in the case of spinach (3.9) and tomatoes (3.9).
In air frying, the highest overall acceptability observed at
15 min of cooking was as follows: kale (4.9), beans (4.4),
carrot (4.4), tomatoes (4.3) and the lowest in spinach
(4.2). However, microwave cooking at 5 min established
higher overall acceptability for beans (4.0), followed by
carrot (3.7), kale (3.7), spinach (3.7) and the lowest for
tomatoes (3.6). The sensory evaluation based on 5-point
hedonic scale depicted higher consumer acceptabil-
ity for air frying than boiling and microwave cooking.
Significant improvement in sensory attributes of cooked
vegetables by boiling, air frying and microwave cooking
could be due to enhancement in color, taste and flavor,
and retention of texture during cooking (Nunn et al.,

2006). The sensory scores of cooked vegetables by boil-
ing, air frying and microwave cooking were in the accept-
able range, with a high recommendation of processes
for preparing semi-processed vegetables with good con-
sumer acceptance. Similar results of sensory evaluation
of cooked vegetables have been reported by Sengul et al.
(2014), Soomro et al. (2018) and Sultana et al. (2008).

Conclusion

Vegetables are a rich source of vitamins and phytochem-
icals, and their consumption in daily diet, besides pro-
viding nutrition, helps to fight chronic diseases. Cooked
vegetables such as kale, spinach, beans, carrot and toma-
toes are a rich source of phytochemicals and antioxidants
as compared to fresh ones, which are lower in antinu-
trients. The cooking of vegetables by boiling, air frying
and microwave methods manifests significant improve-
ment in bioactive components. Cooking vegetables sig-
nificantly increases their phytochemical and antioxidant
activity. Boiling, air frying and microwave cooking of
vegetables significantly decrease their antinutritional
components, thus decreasing the bioavailability of nutri-
ents in vegetables. The stated methods of cooking of
selected vegetables increased phenolic content and flavo-
noids but reduced saponin, tannin and oxalate contents.
Phytochemicals had a positive relationship with the
cooking time for all three cooking methods. Consumer
acceptability of cooked vegetables was highest for the
air frying method of cooking as compared to boiling and
microwave cooking.
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