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Abstract

This study evaluated the effects of three cooking methods, including
boiling (100°C, 5 min), steaming (7.5 min), and microwave (900 W,
1 min) on physicochemical characteristics and bioactive compounds of
three widely consumed winter vegetables in Bangladesh, such as green
bean (Lablab purpureus), cabbage (Brassicaoleracea var. capitata),
and mustard leaf (Brassica juncea). The ascorbic acid (AA) content was
decreased significantly after all cooking treatments. In general, the AA
retained by different vegetables was highest after microwave cooking
and lowest after boiling. Cooked vegetables contained more -carotene
than fresh vegetables, and maximum retention was observed after
steaming. However, total flavonoid contents were decreased slightly for all
treatments. With the exception of cabbage, both steaming and microwave
cooking enhanced significantly (P<0.05) the polyphenol content (TPC) in
all vegetables. The highest TPC was found in the green bean during boiling
(72.5 mg GAE/100g), and the lowest was found in cabbage with steaming
(35.58 mg GAE/100g). There is a significant increase in antioxidant activity
after boiling and steaming, except microwave cooking of cabbage and
mustard leaf. However, the lightness (L*) of all vegetables decreased
for each cooking method, but the greenness intensity increased after
microwave cooking. Overall, cooking can alter the food's physical and
nutritional content but depend on vegetables and the method of cooking.
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Introduction

Vegetables are excellent sources of natural
antioxidants and vitamins, along with B-carotene
and vitamin C that are very important for human
health."? Several studies showed that vegetable-rich
diets could reduce the risks of chronic diseases.®
Some researchers suggest that the increase in
chronic diseases is because people's amount of
fruit and vegetables is inadequate for a healthy
diet.*®* Some epidemiological studies have also
shown that vegetable intake has a clear and
consistent protective impact against the threat of
various diseases such as cancer, retinopathy, and
cardiovascular.®

According to a household survey in Bangladesh,
the per capita vegetable consumption is 166.1 g,
which is lower than the recommended minimum
amount of 200 g. More than half of the population
is suffering from various health-related issues due
to malnutrition.” Green vegetables are abundant
in micronutrients, so for developing countries,
these vegetables’ intake can meet their nutritional
demands at an affordable price.® A large number
of antioxidants, AA, and carotenoids are available
in green vegetables. Among all green vegetables,
green beans, cabbage, and mustard leaf are
commonly consumed during winter in the Sylhet
region, Bangladesh. The bean's green pods are
good sources of protein, antioxidants, minerals,
and vitamins.® Green bean is believed to be one
of the most potent treatments for the deficiency
in protein cures. Cabbage is commonly used in
conventional medicine to relieve syndromes related
to gastro intestinal problems and treat minor injuries,
wounds, and mastitis because of its antioxidant,
anti-inflammatory, and antibacterial properties.°
A significant amount of research has also been
done with beneficial phytochemicals of cabbage,
especially their sulforaphane, indoles, and indole-3
carbinole (I3C). Such substances aidand regulate
antioxidant processes and detoxification processes
in the body, which replaces and eradicates toxins
that cause cancer." Several vitamins (vitamin
A, vitamin C),essential minerals (Ca, Fe, Mg, K,
and Zn), and phytonutrients are found in mustard
leaves. The presence of phytonutrients are often
recommended for anticancer properties.?

Vegetables are usually processed based on taste
preference and process suitability. Mostly used
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domestic cooking are including boiling, steaming,
and microwave.'® These thermal treatments
can induce a variety of effects on the physical
characteristics, sensory properties, and bioactive
components of vegetables. Both favorable and
unfavorable results were reported, depending on
the type and quality offresh vegetables and the
selection of cooking process.?'#'® Several studies
reported that green vegetables' bioactive content
had been reduced after thermal treatment,'” although
some have shown no such effects.'® Zhao et al.
(2019)" observed that the thermal treatment could
change the bioactive content and health-promoting
compounds of green vegetables. Dolinsky et al.
(2015) reported an increase in the antioxidant
capacity in cabbage, green beans, broccoli, kale
during boiling, steaming, and microwave treatments,
respectively.

However, the literature about the impacts of various
cooking methods on indigenous vegetables'
physicochemical properties and bioactive
compounds are still limited. This work was about to
analyze and quantify the impacts of various methods
of cooking on the physicochemical properties (pH,
color) and bioactive components (AA,B-carotene,
total flavonoid content, total polyphenol content,
antioxidant activity) of some selected green
vegetables (green bean, cabbage mustard leaf),
widely consumed in Sylhet (Northeastern region of
Bangladesh) and also find a suitable cooking method
which might have the potential to preserve the
physicochemical properties and bioactive contents
of the selected vegetables.

Materials and methods

Raw Materials

In December 2019, two kg of fresh and matured
green mustard leaves (Brassica juncea), green
beans (Lablab purpureus), and cabbage (Brassica
oleracea var. capitata) were collected from
Bangladesh Agricultural Development Corporation
(BADC) Agro Service Center, Kumargaon, Sylhet,
Bangladesh. The visually discolored, diseased, and
damaged samples have been excluded in order to
reduce biological variability. All of the samples were
not uniform in length, diameter, or weight. Then
vegetables were washed with tap water, and surface
water was removed by putting on the blotting paper.
The uneatable portions were manually removed by a
sharp knife, and edible portions were separated and



RANA et al., Curr. Res. Nutr Food Sci Jour., Vol. 9(2) 628-638 (2021) 630

divided into 4 portions of 300 g for each application.
Leafy vegetables were shredded (1 cm chiffonade
cutting), and beans were cut to 1 cm thin slices to
achieve the same texture in the same cooking time.
These samples were vacuum packed in low-density
polythene bags and stored at -22°C in a freezer until
further analysis.

Cooking Methods

Boiling

Sample (100 g) was added to 150 ml of water in a
hot water bath at boiling temperature (100°C) and
boiled for 5 min. Then the excessive water was
drained off."®

Steaming

Sample (100 g) was spread uniformly on a tray in
a water bath sealed with a lid and steamed under
atmospheric pressure using water vapor produced
from100°C boiling waterfor 7.5 min. The temperature
of samples was reduced promptly using ice.®

Microwave

Sample (100 g) was mixed with 6 ml of distilled water
in a glass dish covered with a perforated cooking
bag and placed in a commercial 900W microwave
oven for cooking (1 min). Water was drained off the
samples and cooled rapidly on ice'®

Physicochemical Analysis

pH

The samples were homogenized (Model: HG-15A,
Daihan Scientific Co. Ltd., Korea), then pH was
measured using a digital pH meter (Hanna, HI
2211, USA).

Color Measurement

The color of samples was determined by a
colorimeter (Model:PCE-CSM4, PCE instruments,
UK) method described by Rana.? The instrument
was standardized before the measurements.
To analyze all samples' color, fresh and processed
vegetables were ground to make a puree and put into
a glass dish to measure the color values (H, L*, a*,
and b*). All measurements were done in quintuple,
and the average values were tabulated for each/
every sample. The hue angle were calculated by
using tan -1 (b/a), (when a > 0) and 180 + tan -1
(b/a), (when a < 0).2!

Analysis of Bioactive Components

Ascorbic Acid (AA)

The total AA contentin fresh and cooked samples
was evaluated using the method reported by Salki¢
et al. (2009)??with slight modifications. 1 g of sample
mixed with 10 mL of 0.056M sodium oxalate were
homogenized (Model: HG-15A, Daihan Scientific Co.
Ltd., Korea) for 2 minutes. The extraction solution
was allowed to stand for 5 minutes. After filtering
the homogenate solution, 0.5 mL supernatant of the
extract was mixed with 0.056 M sodium oxalate for
the dilution to 5mL. The absorbance was estimated in
a UV- Vis spectrophotometer (Shimadzu, UV-1800,
Japan) at 266 nm using 0.056M sodium oxalate as
blank. Calibration curves were constructed using the
standard L-ascorbic acid.

pB—Carotene

To determine the total carotenoids, 1 g of sample was
mixed with 10 mL distilled waterand homogenized
for 2 min. After that, 5mL of hexane was mixed, and
vigorously stirred for 1 min, then kept for 5 min to
enhance mass transfer, and lastly, stirred again for
1min. The absorbance of the obtained supernatant
was determined in a UV- Vis spectrophotometer
(Shimadzu, UV-1800, Japan) at 452 nm.? All studies
were done three times, and the study results were
expressed as mg/100g using calibration curves of
B-carotene as standard.

Extract Preparation

For determining the extracts' bioactive compound,
samples were prepared following the method
proposed by Zhang and Hamauzu (2004),%* with
some modifications. Samples (10.00 + 0.02 g) were
placed into 40 mL of 60% methanol (CH,OH) and
homogenized (Model: HG-15A, Daihan Scientific Co.
Ltd., Korea) for 2 min. Then, incubated for 45 min at
20°C in a shaking incubator (S1-200, Korea). After
that, the mixture was centrifuged (416G, Gyrozen,
Korea) at 4000 rpm for 10 min and filtrated through
a Whatman No. 4 filter paper. Subsequently, the
extract was left to stand in dark conditions at 4°C,
and it served as a working solution for TPC, TFC,
and DPPH radical scavenging activity determination.
The stock solution was freshly prepared before
analysesof a new batch.
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Total Flavonoid Content (TFC)

To determine the flavonoid concentration, 0.5 ml
extract was added to 1.5 ml of 95% ethanol, 0.1
ml of 10% aluminum chloride (AICI,), and 0.1 ml
of 1 M potassium acetate, and 2.8 ml of distilled
water. Then incubated at room temperature for
40 min. After that, using deionized water as blank,
the mixture absorbance was measured in a UV-Vis
spectrophotometer (Shimadzu, UV-1800, Japan)
at 415nm. Results were revealed as quercetin
equivalent (mg QE/100 g).%®°

Total Polyphenol Content (TPC)

The total phenolic content (TPC) was found using
the Folin-ciocalteu Phenol reagent as reported by
Da Silva et al. (2011).26 0.5 ml extract was mixed
to 8.5 ml of distilled water and 0.5 ml of Folin-
ciocalteu Phenol reagent. After keeping the mixture
for 5 min at room temperature, 1 ml of 35% sodium
carbonate solution was added. Then the mixture
was vortexed and stored at room temperature for
20 minutes. The absorbance was measured in a
UV-Vis spectrophotometer (Shimadzu, UV-1800,
Japan) at 765 nm. Rather than the sample, water
was used as blank. Standard Gallic acid solutions of
different concentrations were read against a blank
to construct a calibration curve. TPC was expressed
as mg of Gallic acid equivalent per 100 gram
(mg GAE/100 g).

Antioxidant Activity (DPPH Radical Scavenging)
The extract's antioxidant activity was evaluated by
the 2,2-diphenyl-2-picryl-hydrazyl (DPPH) radical
scavenging method described by Adiletta et al.
(2018).%" At first, 100ul of extracts were added
to 1.4 ml of DPPH radical methanolic solution
(0.1 mM in Methanol), where 0.0039 g of DPPH
sample was dissolved in 100 ml methanol, and the
solutions were kept in the dark place for 30 min.
The continuation of the reaction contributed to a
transition in color from yellow to purple owing to a
decrease of the complex solution 2,2 diphenyl-2-
picrylhydrazyl (DPPH), as measured in a UV-Vis
spectrophotometer (Shimadzu, UV-1800, Japan) at
517 nm at 25°C (A, ,,)- Rather than the sample,
Blank was prepared with water (A_ ) and the
absorbance were recorded. The sample DPPH
radical was determined from:

% Antioxidant activity= (Abs
x 100

Abs

control ~ sample) / Abscontrol

Where, Abs_,
initial time

.= the absorbance of control at the

ntr

Abs

sample

= the absorbance of the sample.

Statistical Analysis

All results have been expressed as the mean
standard deviation (SD) using SPSS software (SPSS
Inc., Chicago, IL, USA). One-way analysis (ANOVA)
and Tukey's test were applied for comparing mean
values. Any statistical difference in p< 0.05 was
considered significant, and separate letters were
used to indicate them.

Results and Discussion

The Effect of Cooking Methods on
Physicochemical Characteristics

Raw, as well as cooked vegetables’pH, is given in
Table 1. It was observed that the pH of the green bean,
cabbage, and mustard leaf showed no significant
(p<0.05) change after being cooked (boiling, steam,
microwave). Boiling of green bean and mustard leaf
showed a slight decrease in pH values, and steam
and microwave cooked green bean and mustard leaf
showed a minor increase; this might be due to the
hydrogen gradient in the vegetable proteins change
for the high temperature.?® In contrast, boiling of
cabbage showed a slight increase in pH values, and
steam and microwave showed a slight decrease, but
this was not significant. Dos Reis et al. (2015)?° also
noted that the broccoli's pH was highest after 5min
boiling compared to other cooking methods because,
in water, the food is less acidic.

Color is one of the highest quality characteristics
affecting customer product preferences, attitudes,
and purchasing behavior. Therefore, to maximize
the quality and value of food, color measurement
and analysis are crucial in post-harvest handling and
bioprocessing. The fruit and vegetable color reflects
the presence of the various pigmented components.
Chlorophyll is known to give most vegetables
the green color, while carotenoids are generally
responsible for the orange or yellow color. *® The
hue angle (H) in green vegetables, fruits, and meats
was extensively used to assess color parameters.®'
Hue angle values of vegetables changed based
on the cooking techniques and vegetable type.
Hue angles increased significantly after microwave
cooking in all three vegetables than raw, which
implies an increase in the brightness of greenness.*?
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Table 1: The effects of cooking methods on physicochemical characteristics
Sample Cooking p" H L* a* b*
treatment
Bean Raw 6.01+0.03%> 109.44+1.76%> 41.3340.68* -2.99+0.83" 8.37+1.82°
Boiling 5.95+0.02° 104.63+1.2° 39.35+0.887 -3.61+1.26% 12.49+1.20%
Steam 6.07+0.02%> 106.86+1.6°> 35.34+0.62° -4.71+1.24%> 19.13+2.232
Microwave 6.05+0.022  112.1+1.56% 33.89+1.08" -6.89+0.08* 15.62+1.322
Cabbage Raw 6.36+0.04%>  99.1+1.27°>  57.74+1.09° -2.28+1.25" 16.08+2.75°
Boiling 6.41+£0.022  101.27+1.07° 55.55+£1.77%* -3.44+0.58" 19.14+1.07°
Steam 6.29+0.03> 103.26+2.25®* 52.52+1.03* -6.06+1.02%> 22.2+2.332
Microwave 6.30+0.03* 105.44+0.61 52.43+0.93* -6.98+0.212 25.86+0.722
Mustard leaf Raw 6.87+0.03%> 109.34+2.4> 47.12+1.68* -7.86+1.05% 22.37+0.152
Boiling 6.78+0.03%> 120.38+1.33% 38.3240.48> -10.4+0.45% 17.78+0.86°
Steam 6.89+0.012 116.18+1.38%> 35.07+3.32* -6.840.46°> 13.84+0.88°
Microwave 6.85+0.03" 121.13+2.442 41.17+4.23a° -9.71+0.62° 17.88+0.87%>°

All the values in the table are mean * SD of three independent determinations. Samples in the same
row with different superscript letters differ significantly at P<0.05

On the contrary, bean and cabbage hue angle
values remain unchanged during boiling and
steaming, but mustard leaf hue angle values
increased significantly.In comparison to other cooked
vegetables, all microwave-cooked vegetables get
the most significant hue angle. This may be due to
the development of many chlorophyll derivatives,
as many chlorophyll compounds do not alter
chromophores' properties and the color of their
precursors.® Also, it could be due to the lowest
exposure time used for microwave cooking. Turkmen
et al. (2006)* also reporteda similar hue angle for
different greeny vegetables after boiling (5min),
steaming (7.5 min), and microwave cooking (1.5 min)
treatment. The color parameter L* implies lightness.
Steam and microwave cooked showed a significant
decrease of lightness in green beans and cabbage.
L* values of the mustard leaf were decreased
significantly with boiling and steaming, which implies
areduction in green lightness. Higher L* values were
found in raw vegetables, green beans and cabbage
cooked with boiling, and mustard leaf cooked with
microwave, which indicates a higher light green
color. The color parameter a* means red-green
intensity, only microwave cookingof green bean and
cabbage showed a significant change. Higher a*
values were found with microwave cooked samples
compared to others, indicating an intense green
color. This corroborates with the hue angle findings,

which were theorized to the chlorophyll derivatives
developed during microwave-cooking.** The color
parameter b* implies yellow-blue intensity, steam
and microwave cooked green bean and cabbage
showed a significant increase, indicating a higher
greenish-yellow color. Boiled and steamed mustard
leaves showed a significant decrease of b* values.
Dos Reis et al. (2015)*® observed that lightness (L*)
of broccoli and cauliflower declined compared with
raw vegetables after cooking (boiling, steaming,
microwaving, and sous vide). This study also
revealed that cooking by various methods (boiling,
steaming, and microwaving) reduces lightness (L*)
compared to raw.

The Effect of Cooking Methods on Bioactive
Compounds

Ascorbic Acid (AA)

Vegetables are susceptible to loss of AA. From
Figure.1, it can be shown that the AA of vegetables
decreased significantly (P<0.05) compared to raw
vegetables in all three cooking methods. It was
observed that boiling showed a higher significant
reduction in AA compared to other methods.
In contrast, microwave cooking showed a lower
significant decrease in green beans and cabbage,
while steaming showed a significantly lower AA
reduction in mustard leaves than other methods.
Boiled vegetables have the lowest AA value in
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comparison with other cooked vegetables. The
use of a higher amount of water, surface area, and
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temperature during boiling also contributed to more
leaching of AA.3
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Fig.1: Effects of cooking methods on ascorbic acid values of vegetables
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Fig. 2: Effects of cooking methods on Ascorbic acid values of vegetables

On the other hand, microwave-cooked vegetables
got the maximum value of AA than other cooked
vegetables. It could be due to use the lowest
time and less water for microwave cooking. Yang
et al. (2019)** reported that after cooking for 5min,
boiling caused a higher loss of AA than steaming
and microwaving of broccoli. Due to reduced
contact at a lower temperature with water, steaming
and microwaving retained higher AA levels than
boiling reported by Lee et al. (2018)? after boiling,
steaming, and microwave cooking time various types
of vegetables.

B-Carotene

Carotenoids are found to be essential antioxidants
and are more stable during heat processing.
B-carotene of all three raw and cooked samples
(green beans, cabbage, and mustard leaf) is shown

in (Figure 2). B-Carotene was increased significantly
(p<0.05) in cabbage and mustard leaf after all three
cooking methods and green bean had not shown
any significant change after three cooking methods.
From Figure 2, it is clear that -Carotene value
increases in all cooked vegetables. Cooking of food
may enhance carotenoid extraction by softening the
plant walls and interrupting the carotenoid-protein
structures.? The bioavailability of carotenoids are
found a higher amount in processed foods than raw
materials.'® Steam-cooked vegetables have shown
the highest B-carotene value in all three samples.
Raw samples of cabbage and mustard leaf have
shown the lowest values, and microwave cooked
sample has confirmed the lowest B-carotene value
in the green beans. During boiling for 8 min, Chang
et al. (2013)" found that the B-carotene increased
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after cooking in some vegetables. Dos Reis
et al. (2015)* reported a considerable increase in
broccoli B-carotene content during microwave and
steaming, consistent with the present study.

Total Flavonoids Content (TFC)

The total flavonoids content of vegetables is given in
Figure 3. Only the flavonoids of green beans showed
a significant decrease with boiling methods. All other
methods and vegetables showed a slight change,
but it was not significant. The highest flavonoids
were found in mustard leaf compared to the other
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two vegetables. After cooking, the only microwave
processed samples showed a slight increase in
flavonoids value. Steaming and boiling showed a
decrease of flavonoids in all three vegetables. Dos
Reis et al. (2015)* and Wu et al.(2019)"® observed
similar findings in cauliflower and broccoli, where the
flavonoids decreased with cooking methods (boiling,
steaming, microwave, and sous vide). The heat-
induced degradation and leached out flavonoids
into the waters may be the reason for the loss of
flavonoids after cooking.

14

ORaw
BBoiling

12

M Steam

BEMicrowave

10

Total Flavonoids (mg/100g)

0 Green bean Cabbage

Muard leaf

Vegetables

Fig.3: Effects of cooking methods on TFC values of vegetables
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Total Phenolic Content (TPC)

Figure 4 illustrates the amount of phenolic content
of vegetables. The raw vegetables contained
13.21+£1.07° to 43.1+1.473> mg GAE/100g total
phenolics and the highest amount found in mustard
leaf followed by green bean, cabbage. After boiling,
the TPC of green bean, mustard leaf, and cabbage
decreased significantly compared to raw vegetables.
This decrease in phenolic content could be related

to lixiviation phenomenon, which is dependent
on temperature, time, and volume of cooking
water.® Steam cooking showed a significant level
of increase in total phenolic in all three vegetables.
With microwave cooking, the TPC of green bean and
mustard leaf also increased significantly, but a slight
decrease in cabbage was detected though this was
not significant. Dos Reis et al. (2015)% and Turkmen
et al. (2005)" also observed, the phenolic content
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increased during microwave and steam cooking of
selected vegetables.This could be attributed to the
release of free phenolics from the hydrolysis reaction
of tannins, triggered by the increased pressure
and higher temperature during steam cooking and/
or microwave irradiation.*” Moreover, steaming
and microwave cooking utilized less water and/
or a shorter time than boiling; consequently, more
TPCwas retained in vegetables.

Antioxidant Activity
DPPH radical scavenging activity was used for
the determination of vegetables' antioxidants.

635

Among the three selected vegetables, mustard
leaf showed the most considerable scavenging
activity, accompanied by cabbage and green beans
(Figure 5). The scavenging activity of vegetables
changed based on the cooking techniques and
vegetable type. The scavenging activity of green
beans increased significantly after all cooking
methods. Cabbage and mustard leaf showed a
significant increase with boiling and remained
unchanged with microwave cooking.This may be
due to the boiling process; cell walls and subcellular
compartments may destroy and thus release potent
radical-scavenging antioxidants.
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M Steam

BEMicrowave

Ty

Scavenging activity (%0)

Cabbage
Vegetables

Mustard leaf

Fig. 5: Effects of cooking methods on DPPH values of vegetables

In contrast, the scavenging activity of cabbage
decreased, and the scavenging activity of mustard
leaf increased with steam cooking. Turkmen et al.
(2005)'8showed that antioxidant activity increased by
15.90% when it is boiled for 5 min, and broccoli’s total
antioxidant activity stayed the same with microwave
cookingthat is consistent with the result as seen in
this study. According to Dos Reis et al. (2015),?°
brassica vegetables' antioxidant activity increased
after cooking (boiling, steaming, and microwave)
compared to raw, which is also partially supportedby
the result shown in the present work. According
to this study, cooking with various techniques
influenced antioxidant activity. This discrepancy
can be explained by various factors, including that
the antioxidant activity derived from phenolics is
higher in carotenoid-deficient vegetables,*® owing
primarily to their redox properties, which allow them
to function as reducing agents, hydrogen donors,
and singlet oxygen quenchers. There is frequently
a correlation between TPC and antioxidant activity,
and secondary metabolites, such as pigments and

volatile constituents,* can also contribute antioxidant
activity, but this requires further investigation.

Conclusion

There were no significant changes in pH after
cooking in three green vegetables tested. The green
color (negative a* and hue angle above 100°) of three
vegetables (green bean, cabbage, and mustard leaf)
improved after cooking. All three cooking methods
showed a significant decrease in AA than raw, but
microwave and steaming showed a lower significant
reduction of AA than boiling. The highest AA was
obtained in raw mustard leaves. The steaming
process showedhigher retention of 3-carotene
andTPC. Similar to steaming, microwaves also
showed higher retention of total flavonoid content.
The total antioxidants of green beans increased
significantly after all cooking methods. After all,
steaming was shown to preserve vegetables'
nutritional properties best compared to this analysis,
and microwaves showed a moderate impact.
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