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Abstract 
Plants in its fresh case can synthesize a wide variety of chemical compounds 
that are used to perform important biological functions. Brassica oleracea has 
established as an important human food, as it is rich in polyphenols that exhibits 
antioxidant activity and isothicyanates that exhibits anti-inflammatory activity. 
Polyphenols protect the cells against oxidative damage as they exhibit free 
radical scavenging and metal chelating activities. Myrosinase-catalysed hydrolysis 
of glucosinolates yields sulforaphane, one of the bioactive isothiocyanates 
compounds. Anti-inflammatory activity was investigated according the inhibitory 
action of sulforaphane on inflammatory precursor cyclooxygenase. Food 
preservation is functional for storing seasonal food until next abundance of these 
types. Freezing of food prevents microbial growth by lowering temperature and 
water shortage, but there is many disadvantages of food preservation by freezing 
e.g. loss of nutrients by time and inactivate enzymes activities. In this study, 
freezing showed to lowering bio-active compounds of broccoli. Polyphenolic 
(Tannic acid-equivalent) decreased in frozen broccoli by 35.25%. Whereas, 
sulforaphane content decreased by 32.8% that may be considered back to 
myrosinase inhibition. As followed for these findings, broccoli benefits decreased 
by freezing preservation. 
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Introduction
A wide variety of chemical compounds synthesized in plants are 
used to perform important biological functions and to defend 
against attack from predators like polyphenols and isothicyanates. 
Chemical compounds in plants mediate their effect on the 
human body through processes identical to those already well 
understood for the chemical compounds in conventional drugs; 
thus, herbal medicines do not differ greatly from conventional 
drugs in terms of how they work [1,2]. Brassicaceae species 
are one of the most important European crops as it includes 
nutritionally important human and animal foodstuffs such 
as Brassica oleracea and Brassica rapa varieties [3]. Upon 
mechanical damage, infection or pest attack, cellular breakdown 
and/or chewing exposes the stored glucosinolates to endogenous 
degradative enzymes called myrosinases [4]. Products derived 
from glucosinolate breakdown, sulforaphane (1-isothiocyanato-

4-(methylsulfinyl)-butane), exert a variety of biological activities 
in plants, animals, and humans, which can be processed into an 
anti-cancer, antimicrobial and anti-inflammatory activities [5]. On 
the other hand, Polyphenols are secondary metabolites involved 
in defense of plants against pathogens and ultraviolet radiation 
[6]. Therefore, the intake of these compounds may result in 
reduction of the risk to develop various degenerative diseases 
triggered by oxidative stress [7]. Besides, there is scientific 
evidence that support the role of polyphenols as preventive 
of diabetes, ulcer, osteoporosis and cancer [8,9]. The indirect 
healthy effects of polyphenols that they are metabolized through 
the same route as some xenobiotics or endogenous hormones 
[6]. Technological processes, such as freezing affect bio-active 
content of cruciferous vegetables [10,11]. Freezing is one of 
the most popular and effective methods for food preservation, 
allowing to keep the nutritional and the sensorial properties of 
the raw materials for extensive periods of time. However, before 
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freezing, foodstuffs are usually subjected to pretreatments such 
as blanching, which affect the food properties in a major or 
minor way. Action enzymes have adverse effects on the quality 
of the fruits and vegetables in the process of freezing, changing 
their characteristics, apart from color, nutritional value, vitamins 
and protein substances degrading and causing volatilization of 
flavors [12]. In view of the above, the main object of this study 
is to evaluate the content of sulforaphane and polyphenols and 
to optimize the effect of freezing on chemical constituents and 
healthy benefits of Brassica oleracea.

Materials and Methods
Chemicals and biochemicals
Arachidonic acid and sulforaphane were purchased from 
Cayman chemical Co. Michigan, USA. N,N,N',N'-tetramethyl-p-
phenylenediamine (TMPD) and Tween 40 were purchased from 
Acros organics Co. New Jersey, USA. Folin-Cicalteu solution, 
Hematin, DEAE-sepharose, ethanol absolute, acetonitrile HPLC 
grade, Tannic acid and methanol absolute were purchased 
from Sigma Aldrich chemicals Co. USA, Methylene chloride and 
anhydrous sodium sulfate of high grade were purchased from 
DPH chemicals co. Germany.

Plant materials and extracts preparation
Fresh broccoli was purchased from local market of Egypt that was 
selected randomly and identified by Botany Department, Faculty 
of Science, Tanta University. Then, they were drained and washed 
three times with distilled water and half of the amount was kept 
in -20°C for 48 hours.250 g fresh and 190 g frozen mature broccoli 
were homogenized vigorously using Kenwood kitchen blender, 
Germany. The homogenized plants were extracted three times 
with equal volumes of methylen chloride with stirring under 
reflux at room temperature for 12 hours. Then, the methylen 
chloride layers were filtered through sterilized cloth sheath 
then kept over anhydrous sodium sulfate which then combined 
and dried at 32°C under vacuum in a rotary evaporator. The 
residue was re-dissolved in 50 mL of 5% acetonitrile in water 
(v/v). After that, the aqueous phase was extracted three times 
with equal volumes of excess methylen chloride that was dried 
over anhydrous sodium sulfate, and filtered through filter paper 
(Whatman No.1). The filtrate was dried at 33°C under vacuum in 
a rotary evaporator. The dry extracts of fresh and frozen mature 
head were dissolved in 5 mL of methanol and filtered through 
0.45 μM membrane filter and then was stored at -20°C [13]. 

Phytochemicals analysis
Determination of total polyphenolic content: Total polyphenolic 
content (TPC) of extracts was determined using Folin–Ciocalteau’s 
phenol reagent [14]. 0.5 mL of the polyphenolic extracts were 
pipetted out into test tubes and the volumes were completed to 
3 mL with water. Then, 0.5 mL of Folin–Ciocalteau reagent was 
added to each tube and incubated for 3 min. 2 mL of 20% Na2CO3 
solution was added to each tube. Solutions were mixed and 
incubated at room temperature for one hour and its absorbance 
was measured at 650 nm against a reagent blank. Results were 

expressed as mg tannic acid equivalents per g of fresh weight (mg 
TAE/g FW) of extract through the calibration curve of tannic acid 
(2-10 µg/mL).

Determination of sulforaphane concentration by HPLC: The 
different methanol plant extracts and gradient pure sulforaphane 
concentrations in acetonitrile were injected into HPLC of Micro 
analytical unit, Faculty of Science, Cairo University, according the 
method of Azizi et al. In this study, a reversed-phase C18 analytical 
column (250 x 4.6 mm, 5 µM) in an YL 9100 HPLC-YL, Japan, was 
used in the analysis of sulforaphane. For analysis, isocratic elution 
was carried out with acetonitrile/water 35/65 (v/v) at a column 
temperature of 30°C. 50 µL portions were injected manually 
with a flow rate 1 mL/min. Sulforaphane was detected by UV 
absorbance detector at 254 nm [13].

Antioxidant capacity analysis
Total antioxidant activity was estimated according the method 
described by refs. [15,16] of 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH)free radical scavenging capacity. 0.1 mL of sample extract 
was added to 3.9 ml of 0.1 mM DPPH solution. The mixture was 
shaken vigorously and allowed to stand in the dark at room 
temperature for 1 hour. The decrease in absorbance of the 
solution was monitored at 515 nm spectrophotometrically after 
1 hour of reaction. Blank consisted of 0.1 ml methanol and 3.9 
mL of DPPH solution. Ascorbic acid (50-250 µg/mL) antioxidant 
activity was carried out as a reference.

Anti-inflammatory activity determination
Cyclooxygenase purification: Partially purified cyclooxygenase 
from normal bovine kidney steps were carried out by the 
method of Hemler and Lands, 1976. 20% Crude homogenate 
was prepared in Tris-HCl buffer (0.1 M, pH8.0); ammonium 
sulphate precipitation was performed gradually by 25% then 
54% saturation; dialysis was performed to remove the excess 
of ammonium sulphate bound to protein and DEAE-sepharose 
column chromatography [17].

In vitro anti-inflammatory assay: The enzyme activity was assayed 
calorimetrically by monitoring the appearance of oxidized-TMPD 
at 600 nm [18,19]. The assay mixture contained Tris-HCl buffer 
(0.1 M, pH 8), Hematin (60 µM), EDTA (3 µM), enzyme (10% of 
total volume) and test compounds (50-250 µg/mL) of Aspirin 
(as anti-inflammatory reference) in DMSO, sulforaphane (as an 
inhibitor std.) in acetonitrile and extracts concentrations were 
prepared in ethanol absolute. The mixture was incubated for 
10 minutes at 25°C and then, the reaction was initiated by the 
addition of arachidonic acid (200 µM) and TMPD (3.3 mM) in 
a total volume of 1 ml. The blank was assembled by subjecting 
inactive enzyme (boiled fractions) instead of active one. 

Results and Discussion
Polyphenolic content
The observed polyphenols concentrations equivalent to tannic 
acid that observed according calibration curve obtain by DPPH 
scavenging percentage, showed that the frozen broccoli caps 
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was less 35.25% than raw fresh one, as the concentrations are 
0.18 and 0.278 mg TAE g-1 FW, respectively (Table 1), which 
is come with the results of studying the effect of processing 
on polyphenols content in broccoli tissues, as polyphenols 
concentration decreased by freezing of fresh broccoli to 37% 
[20]. These findings are considerably lower than those reported 
by Mahn et al who indicated loss in 48.7% of polyphenols by 
freeze-drying [21]. Other studies observed the negative effect 
of freeze-storing of vegetables by constituents' analysis [22-
25]. However, a comparison of the obtained results with those 
quoted above is difficult since in other study frozen products 
were prepared for consumption after each storage period while 
the above authors analyzed frozen samples only after defrosting 
that showed 34.4% decreasing in polyphenols [22]. Volden et al. 
reported the decrease in polyphenols by freezing in 10-21% [26].

Sulforaphane content 
The significant values of sulforaphane concentrations were 
found the highest in raw fresh plant (Figure 1). Frozen broccoli's 
sulforaphane decreased into 71.16 from 110.9 Mg/g FW of 
raw fresh one (Table 1). These 35.8% decreasing was relevant 
to inhibition of hydrolysis process of sulforaphane precursor, 
glucoraphanin, by myrosinase enzyme. As broccoli considered the 
richest source of glucoraphanin (81.8% of total glucosinolates), a 
study on the effect of freezing showed decreasing in concentration 
by 22.3% after 48 H at -22°C that may be related to freeze-thaw 
fracture of plant cells by ice crystals [27]. The fact that losses of 
glucosinolates resulting from prolonged freezing of vegetables 
has been come after broccoli loss 27% of glucoraphanin after 
freezing at 4-8°C for 7 days and 53% after storing at -85°C [28]. 
This state was confirmed when Volden et al. noted that freezing 
decreases glucosinolates content by 30-52% [26]. 

Antioxidant activity
Broccoli is widely considered to possess high levels of antioxidant 
activity [29]; however, specific values for antioxidant activity of 
broccoli vary greatly between studies. In recent study, antioxidant 
activities from raw (IC50=275 ϻg/mL) to frozen broccoli (IC50=295 
ϻg/mL) extracts were decreased by only 7% (Table 2 and Figure 
2). This result confirmed that the antioxidant activity not only 
relative to polyphenols, but also elevated by other components 
that might not affected by freezing. By studying antioxidant 
activity (radical scavenging) of pure sulforaphane, it was found 
that it didn't possess any activity. Other studies showed that 
antioxidant capacity of broccoli was significantly reduced in 56.5% 
by freeze-drying in different ways [21], therefore freeze-drying 
processing result in further tissue dehydration that loss viability 
of cell content and activity. Antioxidant activity decreased into 
33% after refrigerated storing or either after 12 months [22]. 
Puupponen-Pimiä et al. observed a pronounced decrease in the 
DPPH scavenging during the freeze-storage of broccoli [25].

Anti-inflammatory activity
Anti-inflammatory activity was detected by the measurement of 
oxidized N, N, N', TMPD which is a reducing agent. Comparable 
dose-inhibition curves for aspirin, flufenamate, pure and 

Bio-active compounds Raw broccoli Frozen broccolia

Polyphenols (mg TAEb/g FWc) 0.278 0.18
Sulforaphane (ϻg/g FW) 110.9 71.16

Table 1 Polyphenols and sulforaphane contents of fresh and frozen 
broccoli.

aBroccoli freezing at -20°C for 48 hours.
bTannic acid equivalent.
cFresh weight.

 

HPLC chromatograms of A fresh broccoli, B frozen 
broccoli extracts and C pure sulforaphane. 

Figure 1 

extracted sulforaphane were obtained (Figure 3). The potency of 
pure sulforaphane (IC50=98 µg/mL) and extracted sulforaphane 
from raw fresh and frozen broccoli (IC50=127 and 226 µg/mL, 
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80% of it, the point that assured the depletion in sulforaphane 
concentration but also, myrosinase inhibition have a rest in 
this effect. Thus, in this study, as sulforaphane concentration 
decreased as anti-inflammatory activity decreased by 43.8% 
(Table 2). 
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IC50
 value* (µg/ml) Raw 

broccoli
Frozen 

broccoli
Ascorbic 

acid Sulforaphane

Antioxidant 275 295 150 -
Anti-inflammatory 127 226 - 98

Table 2 IC50 of antioxidant and anti-inflammatory activities of fresh and 
frozen broccoli.

*IC50: 50% of inhibitory concentration.

respectively) were higher than those of aspirin and flufenamate 
(IC50=140 and 198 µg/mL, respectively). All the studies come with 
that the freezing not only decreases total glucosinolates which 
sulforaphane precursor, glucoraphanin, represents more than 
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