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Abstract

The current study aimed to assess broccoli’s phytochemical profile and determine its antioxidant activity. Fresh broccoli was
procured from a local farm and divided into two major treatment groups (cooked and dried). There were five sub-treatments in
the cooking group (conventional, microwave, boiling, blanching, and steaming) and three treatments in the drying group (sun
drying, freeze drying, and hot air drying). Ascorbic acid content, total carotenoids, TPC, TFC, and antioxidant activity were
evaluated for every sub-treatment. The results depicted that the antioxidant constituent of cooked broccoli was complementary
to dried broccoli samples. The maximum amount of ascorbic acid content (10.80 mg/100 g), total carotenoids (3.976 mg/g),
total phenolic contents (225.80 mg/g), and the total flavonoid contents (42.92 mg/g) were found in freeze-dried broccoli.
Freeze-dried broccoli also showed the highest antioxidant activity for DPPH free radical scavenging assay (62.45%), hydrogen
peroxide radical scavenging assay (53.67%), and ABTS radical scavenging assay (65.84%).
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Practical Application: Fresh vegetables are loaded with various nutritional and bioactive compounds that are short-lived food
commodities. Their shelflife can be enhanced by little processing, such as drying or cooking, but processing results in nutritional
loss, a significant challenge for the food industry. Investigating the neighbouring effect of various processing techniques on

bioactive compounds and associated antioxidant activity will help reduce nutrient loss and optimize product quality.

1 Introduction

Vegetables are considered the great natural gift of nature
as these provide us with many essential nutrients required for
health maintenance and are significantly associated with reducing
various chronic diseases (Drabinska et al., 2018). Among these
vegetables, broccoli (Brassica oleracea) holds a unique position
on the list of highly nutritious vegetables and has been in use
for a long time. The name “broccoli” is derived from an Italian
word “broccolo’, which denotes the flowering top of a cabbage
(Li et al., 2019). Broccoli is native to the Asia Minors and the
Mediterranean. It is an excellent season crop of the mustard
family and is closely related to cauliflower (Jacobo-Veldzquez
& Cisneros-Zevallos, 2012). Desirable broccoli has consistent
flower buds and an excellent blue-green to green colour, and
its global production touches a value of 22.3 million tonnes.
China and India are leading areas for its production (Shultz,

2013). The high moisture content of fresh broccoli is associated
with chemical, enzymatic, and microbiological processes, all of
which can impair product quality and shelf life.

Broccoli is considered a potential source of several nutrients.
It is observed to be rich in minerals, vitamins, dietary fiber and
phytochemicals (e.g., glucosinolates and phenolic compounds).
In recent years, its bioactive compounds, such as glucosinolates
and their breakdown products, have gained increasing attention
(Gu et al.,, 2022). Broccoli is relatively high in coenzyme
Q10 which is fat-soluble antioxidant and contribute mainly to
the energy manufacturing in our bodies (Sarmiento et al., 2016).
Broccoli also possess other health-promoting compounds such
as antioxidant and anti-carcinogenic compounds (Wang et al.,
2020; Mandelova & Totusek, 2006). These diverse antioxidants
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from broccoli have been reported a lot of health benefits which
are frequently allied to control type 2 diabetes in diabetic patients,
protection of various cancerious cells through blocking DNA
damage (Qazietal., 2010), cardiovascular disease and Alzheimer’s
disease (Fabbri & Crosby, 2016).

Drying is a well-known industrial processing technique for
preserving fresh commodities and effectively extending shelf
life (Xu et al., 2017). However, food deterioration and nutrient
loss are unavoidable throughout the drying process. Many
drying techniques, for instance, sun drying, hot air drying, and
freeze drying can be applied to process vegetables. According
to Mrkic et al. (2006), drying is responsible for the breakdown
of the nutritional components of broccoli. In contrast, drying
temperature and airflow rate also substantially affected bioactive
constituents and antioxidant activity.

Prior to the addition of ingredients like salt, milk, pounded
groundnuts, oil, butter, tomatoes, onions, chillies, and bicarbonate
of soda, broccoli is typically blanched and boiled. They may also
be dried, primarily to extend shelf life due to their perishable
nature (Uusiku et al., 2010). Cooking and drying vegetables
like broccoli can cause complex chemical and physical changes,
including changes to cell wall structures (Palermo et al., 2014), an
increase in the extractability of phenolic constituents, degradation
of phenolic compounds due to oxidation and the breaking of
covalent bonds (Nayak et al., 2015)., polymerization (formation
of higher molecular weight compounds), and transesterification
(redistribution of phenolic compounds), relative strength of
these changes will decide whether the end result is a decrease
or increase in the concentration of phenolic compounds or
antioxidant activity (Korus, 2014). The effects of cooking and
drying on the phenolic compounds of a few African vegetables
have been studied, however the outcomes achieved vary greatly
depending on the type of vegetable utilised, the cooking settings,
the type of extraction used, and the research techniques employed
(Lim & Murtijaya, 2007).

Furthermore, Physical state was an essential factor determining
nutritional component degradation in broccoli (Jin et al., 2014).
However, no comprehensive studies have been done on the
impact of drying on the phytochemical profile and antioxidant
activity of broccoli. In order to obtain a high-quality product, it
is critical to select an appropriate drying procedure. The study’s
objective was to evaluate the impact of different cooking and
drying techniques on the presence of phytochemicals and
antioxidant activity of processed broccoli.

2 Materials and methods
2.1 Procurement of raw materials

Fresh green broccoli (Brassica oleracea) was collected from a
local farm and stored in glass jars with closed lids at a temperature
of 4 + 1 °C for approximately 3-7 days during food processing
and preservation laboratory, PMS-Arid Agriculture University,
Rawalpindi. All analytical grade chemicals and reagents were
purchased from Sigma-Aldrich (Germany).

2.2 Sample preparation

Fresh broccoli was adequately washed with clean water,
and surface water was dried using a paper towel. After drying,

inedible parts were removed, broccoli was diced into little florets
(approximately 2 cm in height and 1.5 cm in diameter). Samples
were packed and stored for further use with sample codes
labelled on them with reference to the treatment planned to be
performed on them. Separate experimentation for drying and
cooking techniques were carried out to evaluate their processing
affect on various parameters. It is divided into two phases. Phase
one for drying and phase two for cooking treatments.

2.3 Processing of broccoli
Inactivation of enzymes

Thermal inactivation of the enzymes was performed for all
broccoli samples in capillary tubes (1 mm/20 pL). Samples were
heated in a circulating water bath (model 20B, Julabo, PA) The
temperature was kept around 80-100 °C for a time period of
3-5 min. Heated samples were cooled immediately in ice-water.

Drying of broccoli samples

Broccoli samples were dehydrated through sun drying (SD),
freeze-drying (FD), and hot air oven drying (HD). Diced broccoli
was placed in cleaned stainless steel dishes covered with a net
under good sunlight in January for ten days at approximately
13-24 °C. The final moisture content of sun-dried broccoli
samples was (1.49 + 0.07%). The samples were freeze-dried
by applying liquid nitrogen in a freeze drier (CRYODOS-50,
Telestar Cryodos, Spain) for 10 hours. The vacuum pressure
and cold trap temperature in the drying chamber were set to
50 Pa and —40 °C, respectively, following the method of Xu et al.
(2020). The final moisture content for freeze-dried samples was
(1.29 £ 0.06%). For HD, fresh samples (500 g) were spread on
the tray in a single layer and dried in a laboratory-scale hot air
oven (DOF-230E, Bievopeak, Japan) at (40 °C) temperature for
72 hours. Their final moisture content of hot air dried samples
was (1.31 £ 0.05%).

2.4 Cooking of broccoli samples

Broccoli samples were cooked using various treatments, the
processing conditions are mentioned in Table 1.

2.5 Extract preparation

Processed broccoli samples (10 g) from every treatment were
homogenized with 15 mL of 80% methanol. After homogenization,
samples were filtered, and extracts were stored in the refrigerator
at (4 + 1 °C) for further analysis. For further analysis, the mother
extract prepared 1 mg/mL dilutions in 80% methanol.

2.6 Phytochemicals analysis of processed broccoli
Determination of ascorbic acid contents (ACC)

Ascorbic acid (Vitamin C.) was analyzed by a titrimetric
method as described by Contreras-Calderén et al. (2011) with
few modifications. Prepared broccoli extract (ImL) was mixed
with 100 mL of 4% oxalic acid solution.
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Table 1. Cooking Techniques Used For Preservation of Broccoli Samples.

Cooking Method

Procedure

Conventional cooking (CC)
prevent water loss.

The broccoli sample (10 g) was added to (200 mL) boiled water and then cooked for 2 minutes with a closed lid to

Diced broccoli (100 g) was taken in a glass bowl with 6 mL of distilled water. The bowl was covered with a cooking

bag with a few holes and cooked in the 1000W commercial microwave oven (1025F1A, Midea Equipment, China)

Microwave cooking (MC)
for 1.5 minutes.
Steaming (ST)
temperature under atmospheric pressure.
Blanching (BL)
Boiling (BO)

for 5 minutes

The diced sample was placed in a steam cooker in a covered dish and steamed for 7-8 minutes above boiling

Blanching is accomplished by immersing vegetables in hot water for 1-2 minutes at 75-95 °C.
Diced broccoli (100 g) was added to the 150 mL of water just to attain the boiling in a stainless pan and then cooked

Determination of total carotenoid contents (TCC)

Total carotenoid content was analyzed using Loizzo et al.
(2013). Total extracts were solubilized with methanol in water
(8:2) n-hexane. Absorbance was measured at 460 nm using
a spectrophotometer (Tecan-Sunrise, Austria), and the final
carotenoid concentration was calculated by comparing it with
the standard B-carotene curve.

Determination of total phenolic contents (TPC)

Total phenolic content was estimated using Jaiswal & Abu-
Ghannam (2013). The spectrophotometer was used to measure
the absorbance at 765 nm and results were estimated using the
gallic acid standard curve.

Determination of total flavonoid contents (TFC)

Total Flavonoid content was assessed using Jaiswal & Abu-
Ghannam (2013) protocol with few modifications. The stock
solution was prepared by mixing 0.01 g extract with 10 mL
methanol, and absorbance was measured at 510 nm using a
spectrophotometer. TFC was determined by using quercetin
as standard.

2.7 Chromatographic assessment of flavonoids

HPLC chromatogram was used to identify flavonoids in
broccoli, and the results were analyzed by matching the retention
time of standard compounds.

Sample preparation

For extract preparation, 2.5 g processed broccoli sample
was mixed with 10 mL of methanol and 3mL of 25% HCL
The filtrate was diluted with 10 mL of methanol, and the volume
was raised to 100 mL by using methanol. The prepared extract
sample was injected at a rate of 1.5 mL/min into HPLC for
further analysis. Extracts for all treatments were prepared by
using the same method.

HPLC determination of flavonoids

High-Performance Liquid Chromatography (HPLC)
involves the specification of reverse phase column C18 (4.6 mm
x 15 mm), Ultraviolet-Visible (SPD-10A) detector, column oven
(CTO-10AS), system controller (SCL-10A) and auto injection
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pump having model (SIL-10AS) was used to analyze the sample.
Compounds were detected at a wavelength of 225-228 nm. Solvent,
A water to solvent B methanol 80:20 with 0.5% phosphoric acid
were used as a mobile phase by dual pumping system gradient.
The temperature of the column was 30 °C. TFCs were determined
by their corresponding retention time and curve formation
against a standard, whereas kaempferol and quercetin were used
as standards (Villiers et al., 2016).

2.8 Determination of antioxidant activity

DPPH free radical scavenging activity

Antioxidant activity was determined by the method of Zhang
& Hamauzu (2004) with few variations using the 2,2,-diphenyl-
2-picryl-hydrazyl (DPPH). A methanolic solution of extract
(0.5 mL) was combined with 2 mL, 0.1 mmol/ L methanolic
solution of DPPH. The resulting mixture was kept in the dark
for about 30 minutes at room temperature. The absorbance of
DPPH was then measured using a spectrophotometer at 516 nm.
Using the Equation 1, antioxidant activity was expressed as a
percentage of DPPH decrease

Control absorbance — Sample absorbance

%100 (1)

AA(%) =
( 0) Control absorbance

Hydrogen peroxide scavenging activity

The prepared extracts’ hydrogen peroxide radical scavenging
activity was determined using the method described by
Ruch et al. (1989). The absorbance was measured at 230 nm,
while the Equation 2 was used to calculate the hydrogen peroxide
scavenging percentage;

Abs glank — AbSSample «

Hydrogen peroxide Scavenging percentage =
Abs glank

100 (2)

ABTS radical scavenging activity

The disappearance of ABTS radical action was used to
determine the ABTS free radical scavenging activity (Re et al.,
1999). The stock solution was prepared by mixing ABTS (7 mmol/L)
and potassium persulfate solution (2.4 mmol/L) and placed
in the dark for 12 to 16 hours at normal room temperature.
The solution was diluted with 1 mL of ABTS solution and 60%
methanol to obtain an absorbance of 0.70.02. 1 mL of extract
was mixed with 1 mL of ABTS solution, and the absorbance
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was measured at 734 nm. Equation 3 was used to calculate the
ABTS radical scavenging activity.

Abs pjani — AbsSample «

100 3)
Abs glank

Percentage Inhibitition Activity =

2.9 Statistical analysis

Data were expressed using descriptive statistics (means,
standard deviation) for triplicates of samples taken from each
experimental treatment. Analysis of variance (ANOVA) was used
to differentiate between data sets, and significant differences were
considered when the means of the compared sets fluctuated at
(P> 0.05) by using statistical software (Statistix 8.1).

3 Results and discussion

The results regarding the ascorbic acid content of cooked
and dried broccoli are presented in Tables 2 and 3, respectively.
In contrast, data regarding the antioxidant activity of cooked
and dried broccoli are elucidated in Tables 4 and 5, respectively.
Cooking significantly (p<0.05) influenced the ascorbic acid
content of broccoli. Mean values illustrated less significant
differences between samples cooked by MC (5.350 mg/100 g), CC
(5.200 mg/100 g), and BO (4.630 mg/100 g). However, significant
differences were noticed (p<0.05) between ST (7.593 mg/100 g)
and BL (3.983 mg/100 g) broccoli. The results in Table 2 depicted
a significant (p<0.05) effect of cooking treatments on the TCC
of broccoli. The maximum amount of TCC was observed in ST
(3.640 mg/g), CC (3.163 mg/g), and MC (3.163 mg/g), whereas
the minimum values of TCC were retained by BL (2.683 mg/g)

and BO (2.960 mg/g) samples. The TCC for MC and CC varied
non-significantly. Similarly, TCC for BO and BL varied in a non-
significant manner. However, the TCC of ST samples fluctuated
significantly (p<0.05) compared to BO and BL treatments.

The Results for TPC of cooked broccoli showed significant
variation for ST (191.75 mg/g) as compared to BO (98.08 mg/g)
and BL (93.12 mg/g) treatments. However, a non-significant
variance was established between MC (180.03 mg/g) and CC
(178.24 mg/g). Similarly, non-significant variation was observed
for BO (98.08 mg/g) and BL (93.12 mg/g) treatments. The results
for TFC of cooked broccoli are described in Table 2, showing
a significant (p<0.05) effect of various cooking temperatures
on TFC. Results indicated that higher TFC was evident in ST
(17.33 mg/g) followed by BO (6.910 mg/g) and MC (5.917 mg/g)
treated samples. At the same time, the lowest TFC was retained
by CC (4.860 mg/g) and BL (3.82 mg/g) broccoli samples.

The results regarding the ascorbic acid content of dried broccoli
samples are shown in Table 3, which indicates the significant
influence of drying treatments on studied samples. The highest
ascorbic acid content was present in FD (10.80 mg/100 g),
followed by HD sample (6.967 mg/100 g). At the same time, the
lowest amount was retained by SD (6.387 mg/100 g) samples.
A significant variation was observed between FD and HD samples,
while HD and SD samples varied non-significantly. TCC for
all drying treatments has been displayed in Table 3, which
illustrates a significant variation. Among drying treatments, FD
(3.976 mg/g) samples showed the best results for TPC, followed
by HD (3.306 mg/g) and SD sample (3.266 mg/g) depicted in
Table 3. FD samples showed significant variance with HD and SD,

Table 2. Phytochemical analysis (dry weight basis) of cooked brocolli treatments.

Cooking Treatments

Parameters CC MC BO BL ST
AAC (mg/100 g) 5.20 + 0.43% 5.35+0.31° 4.63 +0.32 3.98 +0.43¢ 7.59 £ 0.36°
TCC (mg/g) 3.16 + 0.24° 3.16 £ 0.15" 2.96 +0.13 2.68 £0.23° 3.640 £ 0.32°
TPC (mg/g) 178.24 +3.37° 180.03 + 4.25° 98.1 +5.11°¢ 93.1 +4.31° 191.75 + 3.46°
TFC (mg/g) 4.86 +0.36¢ 591 £0.18° 6.91+0.16° 3.81 £0.31¢ 17.33 £ 0.335*
Means + S.D carrying different letters are statistically significant.
Table 3. Phytochemical analysis (dry weight basis) of dried broccoli treatments.
Drying Treatments
Parameters SD HD FD
AAC (mg/100 g) 6.38 + 0.59" 6.96 + 0.47° 10.80 £ 0.67°
TCC (mg/g) 3.26 £ 0.28" 3.30 £0.19° 3.97 £0.23°
TPC (mg/g) 104.83 + 4.60° 176.85 + 3.31° 225.80 + 4.04°
TFC (mg/g) 8.56 + 0.32° 16.03 £ 0.31° 4292 £0.18°
Means + S.D carrying different letters are statistically significant.
Table 4. Antioxidant activity of cooked broccoli.
Cooking Treatments
Parameters CC MC BO BL ST
DPPH (%) 53.77 + 1.49% 54.95 + 1.26" 51.53 + 0.81< 49.89 +2.03¢ 58.80a+2.30°
H,0, (%) 46.73 + 1.15° 44.80 + 2.16" 42.46 + 1.30° 41.90 £ 2.21° 50.09 £ 1.63°
ABTS (%) 57.60 + 2.12 55.68 + 1.35¢ 59.81 + 1.21° 53.46 + 2.02¢ 64.28 +2.95*

Means + S.D carrying different letters are statistically significant. DPPH: 2,2-diphenylpicrylhydrazyl; ABTS: 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid).
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Table 5. Antioxidant activity of dried broccoli treatments.

Drying Treatments

Parameters SD HD FD

DPPH (%) 55.98 + 1.10¢ 58.36 + 0.56° 62.45 + 1.56*
H,0, (%) 49.14 +2.10° 51.57 + 1.50% 53.67 +2.21°
ABTS (%) 61.56 + 1.41° 63.69 + 0.85® 65.84 + 1.54*

Means + S.D carrying different letters are statistically significant.

whereas non-significant variation was observed in HD and SD
treated samples. The highest value of TPC was showed observed
in FD (225.80 mg/g), followed by HD (176.85 mg/g), and SD
(104.83 mg/g) treatments. All treatments showed significant
variation from each other. Among all drying treatments, the
highest TFC was found in FD (42.92 mg/g), while the lowest
TFC was in SD (8.567 mg/g) samples. Statistically significant
(p<0.05).difference was observed among all drying treatments.
Statistical analysis intended for DPPH free radical scavenging
activity is illustrated in Table 4. The Highest antioxidant activity
(58.80%) was presented by ST, followed by MC (54.95%), CC
(54.95%), and BO (51.53%) samples.

The blanched sample showed the lowest DPPH radical
scavenger (49.89%). The results relating to broccoli extracts’
hydrogen-peroxide free radical inhibition activity exhibited a
significant (p<0.05) variation, according to Table 4. SD samples
showed excellent inhibition activity (50.09%) among all treatments.
The inhibition activity for CC, MC, BO, and BL was 46.73%,
44.80%, 42.46%, and 41.90%, respectively.

Similarly, for the ABTS assay, ST broccoli showed the highest
radical scavenging activity (64.28%), whereas the lowest activity
was observed in BL (53.46%) samples. For BO, CC, and MC
treatments, ABTS activity was 59.81%, 57.60%, and 55.68%,
respectively. It is evident from Table 4 that ABTS activity varied
non-significantly among MC and CC, while significant variance
was observed for other treatments.

The results for the DPPH assay, H,O, free radical inhibition,
and ABTS assay of dried broccoli are presented in Table 5. The best
results were shown by FD (62.45%), followed by HD (58.36%), and
SD (55.98%) extracts. The maximum radical scavenging activity
was found in FD (53.67%) and, afterwards, HD (51.57%) and SD
(49.14%) samples. ABTS radical scavenging power for all tested
samples of broccoli manifested that the best antioxidant activity
was observed in low-temperature FD samples (65.84%). In contrast,
HD and SD samples showed 63.69% and 61.56%, respectively.

4 Discussion

The Non-significant effect was observed for broccoli samples
treated through FD, HD, and SD. Steamed samples retained the
highest ascorbic acid content attributed to minor leaching and
heat stability. It was observed that cooking with little water for a
short duration, as in MC and ST, leads to vitamin C preservation.
Rosellé-Soto et al. (2015) state that ascorbic acid loss during CC,
Bo, and BL is associated with water solubility and percolation.
Furthermore, Ansorena et al. (2013) reported that ascorbic acid
reduction is interlinked with the quantity of water utilized for
cooking, heating temperature, and cooking interval.
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The result of our studies showed maximum amount of
ascorbic acid was retained by FD samples. Similar results were
achieved by Cai et al. (2016), who observed that FD retains
various health components. During drying, loss of vitamin C
is ascribed to thermal degradation, and HD and SD result in
oxidation of ascorbic acid content (Gan et al., 2017).

Cooking showed little effect on the retention of B —carotene;
however other carotenes may also be lost (Ismail et al., 2004).
ST and MC exerted a non-significant effect on TCC, whereas the
B-carotene and lutein levels increased, and violaxanthin levels
declined. B -carotene was somewhat heat labile and vanished
in the first sixty seconds of cooking. All could be done due to
the alteration of cis isomers of lutein to trans form (Updike &
Schwartz, 2003).

Moreover, reduction in TCC is ascribed to carotenoid loss
or transformation to cis isomers. The transformed -carotene
is the main component in broccoli, but thermal processing
affects it and converts all the trans-isomers to cis forms. In dried
vegetables, chemical changes occur due to the direct heating
and oxidation process. This isomerization can be induced via
temperature, and exposure to light results in loss of antioxidant
activity (Iribe-Salazar etal., 2015). ST and MC retained maximum
TPC because of controlled heating conditions. Prolonged
boiling is responsible for forming phenolic-proteins complexes
leading to reduced antioxidant capacity. On the other hand,
MC preserves bioactive components in the tissues of cooked
vegetables (Sultana et al., 2008). The results of our analysis were
in agreement with those of Lopez-Berenguer et al. (2007), who
stated that microwave heating does not stimulate the release of
polyphenols. Furthermore, in comparison to boiling, microwave
cooking is responsible for the higher antioxidant activity of
cooked vegetables.

Drying is associated with high temperature that deactivates
various enzymes and inhibits the loss of phenolic acids. Plant
polyphenols simply undergo oxidation and change product
attributes. In this process, a direct heat source is used to
remove the product’s moisture content and dry it, which would
somewhat degrade phenolic compounds. On the other hand,
low-temperature freeze drying gave maximum retention of
total phenolic content because this procedure used a vacuum
for evaporation of moisture from a sample, which caused low
and minimal nutrition loss (Mazzeo et al., 2011). Processing
treatments have a more significant influence on the TFC of
processed broccoli samples. It was determined that antioxidants
and flavonoids in broccoli florets and stems decreased due to
bioactive component leaching. Furthermore, cooking intervals
also affected antioxidants, regardless of the cooking method
used (Roy et al., 2007). This thermal cooking disrupts the cell
walls and cell membranes of vegetables. It causes the discharge
of phytochemicals from the insoluble part of broccoli, which
proliferates the pool of flavonoids and phenolics. At the same
time, boiling and blanching cause the leaching of some flavonoids
and gave acceptable results (Gliszczynska-Swiglo et al., 2006).

According to Scalzo et al. (2008), flavonoids loss is attributed
to polymerization during high temperature treatments. It was
observed that quercetin and kaempferol were normally preserved
in FD because vacuum drying, which caused the minimum loss
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of bioactive compounds. HD and SD are liable for degradation
or loss of flavonoids due to prolong disclosure of broccoli under
uncontrolled temperature and time (Bernhardt & Schlich, 2006).

A non-significant variation in DPPH activity was observed
among MC and CC; however, ST, BL, and BO treatments
significantly affected broccoli’s antioxidant activity. Broccoli
contains a variety of beneficial compounds. A few of them are
heat labile, while others are not. Due to indirect contact with
the heating system, steamed samples presented the highest
antioxidant activity. No leaching of phytochemicals ensued,
which impart higher DPPH free radical scavenging activity.
Various cooking methods may have diverse effects on different
components. CC broccoli and MC samples showed less activity
than ST due to the leaching effect (Borowski et al., 2016).

The results of our studies showed maximum DPPH radical
scavenging activity for FD samples per the literature by Paciulli et al.
(2018). The lowest antioxidant activity was noticed in SD broccoli
due to uncontrolled processing conditions (Guillén et al., 2017).
Hydrogen peroxide free radical scavenging activity for all cooking
treatments showed significant effects except for BO and BL,
that varied non-significantly. Except for some phenolic losses,
cooking had no adverse effect on vegetables’ total antioxidant
activity or total phenolic content. The intensification in hydrogen
peroxide radical scavengers could be ascribed to increased
soluble flavonoids released from the cell matrix due to thermal
processing (Murador et al., 2016).

On the contrary, carotenoids, which are lipid-soluble
antioxidants, were found to be responsible for up to 20% of
the overall antioxidant activity of Brassica plants. Steaming
of broccoli led to a superficial increase in hydrogen peroxide
activity because of the production of redox-active secondary
metabolites of the plant. It is highly related to the liberation
of naturally occurring antioxidants from intracellular matrix
proteins, matrix modifications, plant cell wall changes and more
proficient release of antioxidants through homogenization of
sample (Zhong et al,, 2015). There is a synergistic approach
between the diverse structures of some vegetable peroxidases
that sometimes boost pro-oxidant activity (Ozgen et al., 2006).
ED broccoli samples provided the highest values for hydrogen-
peroxide radical scavenging activity due to the maximum
retention of antioxidants at low temperatures (Paciulli et al., 2015).
Conversely, FD is an expensive process because of liquid nitrogen
utilization. This process can be replaced by high-temperature
drying techniques of HD and SD that cause less retention of
antioxidant activity than FD but are in an acceptable range. Aqua
thermal processing reduced antioxidant activity as evaluated by the
ability to quench the ABTS free radical, resulting in antioxidant
vegetable losses. This could be an effect of various measurement
procedures. The antioxidizing activity of broccoli decreased after
BL and BO, due to the leaching of phytonutrients that altered
antioxidant properties (Buratti et al., 2020).On the other hand,
BO usually results in less polyphenol loss than BL, with green
vegetables losing the most. Steamed tissues of vegetables are not
in direct contact with water. This indirect aqua thermal cooking
procedure minimizes the leaching of soluble antioxidants in
water and limits thermal degradation. Therefore, it possessed
maximum ABTS free radical scavenging activity than BO and

BL (Dolinsky et al., 2016). Broccoli should be ingested as often
as possible with as little processing as feasible to get the benefits
of its bioactive compounds (Amin et al., 2006).

Among all drying treatments applied to broccoli, FD samples
illustrated the minor damage to ABT'S scavenging activity due to
low temperature that reserved maximum bioactive components in
broccoli. ABTS radical scavenging activity was less in HD samples
than FD due to the utilization of a controlled temperature of high
intensity to dry produce. It is a low-cost drying procedure but
significantly affects ABT'S radical scavenging activity because of
prolonged exposure to high temperatures (Mahn & Rubio, 2017).

5 Conclusion

Thermal processing dramatically affects the antioxidant
properties of fresh commodities due to various polymerization
and conversion reactions of these bioactive constituents.
The current study showed that steaming retained more antioxidant
components than other cooking treatments. This could be
ascribed to controlled heating conditions, indirect heating
systems and short cooking intervals. Cooking in water seems
to cause leaching of antioxidants that amplifies with cooking
time. Using cooking water for other purposes, such as a base
for soups, gravies, and other applications, should be considered
for the optimal intake of antioxidants from cooked vegetables.
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