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Abstract: The objective of this study was to investigate the effect of different cooking methods (boiling,
blanching and steaming ) on the total phenols, antioxidant activity, vitamin C and sulforaphane content of
broccoli and cauliflower. Cooking by steaming had the least reductive effect on the bioactive compounds
followed by blanching and boiling methods . The effect of pure sulforaphane , fresh and steamed broccoli or
cauliflower extracts were evaluated in alloxan induced diabetic rats as hypoglycemic and hypocholesterolemic
agents. Fresh broccoli and steamed broccoli extracts were used in the concentration of 0.175 and 0.525 mg / kg
/ bw of rat / day for G4, G5,G6 and G7 of rats. Moreover, fresh and steamed cauliflower extracts were used in
the concentration of 4.05, 8.11 and 24.3 mg/kg/bw of rat/day for G8, G9,G10,G11,G12 and G13 of rats. Pure
sulforaphane was uesd in the concentration of 0.3 mg / kg / bw of rat / day as G3 of rats. The lowest value of
serum glucose ,serum albumin and Malondialdehyde was with the group G3 of rats those adminstrated pure
sulforaphane.However, The highest value of glutathione peroxidase was also noticed in G3 that recorede 68.98
U/ml. Levels of serum Cholesterol, LDL and Triglycerides for the " G11" "group of rats adminstrated 4.05
mg/kg/bw of rat/day steamed cauliflower extract " were significantly low compared with the groups of rats
(G4,G5,G8,G9 and G10) those had fresh broccoli or cauliflower extracts . The HDL level in groups G3, G5 and
G10 were significantly higher than the G2"diabetic rats"

Keywords: Broccoli, Cauliflower, Hypocholesterolemic, Hypoglycemic, Sulforaphane.

I.  Introduction

Adiet rich in cruciferous vegetables such as broccoli (Brassica oleracea L. ssp. Italica) and
cauliflower (Brassica oleracea L. ssp. Botrytis ) can preventing some diseases such as cancer, cardiovascular
disease, obesity, diabetes and hypertension by the fact that this foods contain nutritional antioxidants in their
composition [1].The contribution of the cruciferous vegetables to health may be related to the antioxidant
capacity of these vegetables due to the presence of phenolic compounds, carotenoids, flavonoids, vitamins,
minerals and in particular a special group of phytochemicals named glucosinolates. Broccoli florets contain
comparatively high levels of glucosinolates, particularly glucoraphanin, which are secondary plant metabolites
containing sulphur and nitrogen, commonly found in cruciferous vegetables [2].Tissue disruption, such as that
caused by chewing or cutting, allows glucosinolates to come into contact with myrosinase (b-thioglucoside
glucohydrolase EC 3.2.3.1) which causes rapid hydrolysis to form glucose and a range of intermediates, such as
isothiocyanates, thiocyanates and nitriles. Depending on conditions, glucoraphanin (GR) forms the
isothiocyanate sulforaphane [1-isothiocyanate-(4R)-(methylsulfinyl) butane] or sulforaphane nitrile (SFN) upon
hydrolysis [3]. Epidemiological studies and experimental researches with cell and animal models have shown
that isothiocyanates have the health promoting effects, e.g., cancer protection [4]. Most vegetables are
commonly cooked before being consumed. In general, vegetables are prepared at home on the basis of
convenience and taste preference rather than retention of nutrient and health-promoting compounds [5].1t is
known that cooking induces significant changes in chemical composition, affecting the bioavailability and
content of chemopreventive compounds in vegetables. The glucosinolate content in vegetables depends on the
cooking method, degree of raw material disintegration, and on the raw material itself [6]. Diabetes mellitus
(DM) is a set of alterations that culminates in hyperglycemia, and the progress of these alterations is directly
related to pancreatic 3-cell loss of function [7].Epidemiological studies have shown that the incidence of DM
patients is rising at a pandemic level worldwide, and it is estimated that by the year 2025, more than 300 million
people will be inflicted [8]As a consequence, hyperglycemia promotes impairment of the liver, kidneys, eyes,
vascular system, peripheral nerves, and even brain functions [9,10]. Abnormalities in lipid metabolism are also
a very common feature of diabetes, generating an appropriate environment for atherosclerosis, most of the time
due to elevated levels of cholesterol, triacylglycerols , and lower levels of HDL cholesterol presented by
diabetic individuals. The aim of this work was to study chemical composition of broccoli and cauliflower
florets , and study the effect of different cooking processing (boiling, blanching, steaming), on the total phenols,
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ascorbic acid, antioxidant activity and sulforaphane content of broccoli and cauliflower extracts as well as to
study the effect of broccoli and cauliflower extracts as hypoglycemic and hypocholesterolemic agents.

1. Materials and methods

2.1. Materials

Fresh broccoli bunches (Brassica oleracea L. ssp. Italica) and fresh cauliflower heads (Brassica
oleracea L. ssp. Botrytis) were obtained from the farm located in Bani-sowif governorate (Egypt) through
January and March 2013. The plants were harvested at full maturity. The samples were authenticated by prof.
Saed shihate, Vegetables Crop Department, Faculty of Agriculture, Cairo University, Egypt. The broccoli
bunch was separated into florets. The heads of cauliflower were carefully stripped of their outer leaves and
divided into individual florets. All the samples were packed into perforated films and kept in the refrigerator at
(5°C) for maximum 3 days until processing and analysis. Sulforaphane (>95%), DPPH (1.1-diphenyl 2-picryl
hydrazyl), methylene chloride, anhydrous sodium sulfate and alloxan monohydrate were purchase from Sigma
Aldrich company. Seventy eight male albino rats weighing about 180-210 g were purchased from the Research
Institute of Ophthalmology, Giza, Egypt. Diagnostic kits were purchased from Bio-Diagnostic, Cairo-Egypt.

2.2 processing treatments

Different processing treatments were carried out for broccoli and cauliflower florets according to the
method described by [11] . For the boiling treatment, 300 g of vegetable samples were added to 1000g of
boiling water (100°C). The water temperature was reduce up to 70 °C directly after addition of samples and
reached boiling within 90s. Cooking took 5 min for broccoli and 8 min for cauliflower. The boiled Samples
were drained off and cooled at room temperature for a few minutes. Blanching treatment was carried out by
immersing 300 g of florets into 3000 g of boiling water (100°C). Cooking took 2 min for broccoli and 5 min for
cauliflower after boiling. Samples were drained for 1 min, cooled in 3000 g of ice water for 2 min and finally
drained for 1 min. Steaming treatment was carried out in a closed vessel using a stainless steel steam insert with
a single layer of the broccoli or cauliflower florets suspended above 400 g of boiling water. Cooking took 6
min for broccoli and 10 min for cauliflower after boiling . Samples were drained off and cooled at room
temperature for a few minutes. All the prepared samples were subjected to different analysis.

2.3 Determination of chemical composition of fresh broccoli and cauliflower

Fresh broccoli as well as cauliflower were subjected to chemical composition including moisture
content, ash, total carbohydrate, protein, crude fiber, and fat content according to the methods described by
A0.AC[12].

2.4 Preparation of broccoli or cauliflower extracts

The extract of broccoli or cauliflower was prepared according to the method described by [13] . Ten
gram of fresh or processed samples were homogenized with 15 ml of 80% methanol. The homogenate was
filtered through four layers of cheesecloth and the residue was treated with 15 ml of 80% methanol for two
successive extractions. The filtrates were combined and centrifuged at 4000g for 10 min. The supernatant of the
methanol extract was collected to determine total phenolic and antioxidant activity.

2.5 Determination of total phenols

The total phenolic content was determined in the previous extracts of broccoli and cauliflower by a
colorimetric assay based on the method described by [14] with some modification of [13]. 0.5 ml of the extract
was mixed with 0.5 ml of 0.2 M Folin-Ciocalteu's phenol reagent. After 3 min 0.5 ml of 7% aqueous sodium
carbonate solution was added and the final volume was adjusted to 5 ml with distilled water. Mixture was kept
in darkness at room temperature for 90 min, and then absorbances were determined at 725 nm against distilled
water as a blank. Results are expressed as the microgram of gallic acid equivalents/0.5 ml of extract (GAES)
through the calibration curve of gallic acid and calculated as mg gallic acid/100 g FW sample.

2.6 Antioxidant activity

Antioxidant activity was determined by the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging
method of [15] with some modifications of [13]. 4 ml of 0.1 Mm DPPH (in 80% methanol) solution was
treated with 0.2 ml of the broccoli or cauliflower extract. The control sample was prepared by using 4 ml
DPPH solution and 0.2 ml of distilled water, instead of the extract . The mixture was stirred and then left at
room temperature for 3 min. The absorbance of the DPPH solution was determined as 521 nm. Antioxidant
activity was expressed as the percentage of DPPH decrease using the equation:
AA (%) = Control absorbance _ Sample absorbance

Control absorbance
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2.7 Determination of Vitamin C content

Ascorbic acid was determined by [15]. 10 g of fresh or processed samples were homogenized with 15
ml of 5% metaphosphoric acid. The homogenate was filtered with four layers of cheesecloth and the residue
was treated with 10 ml of 5% metaphosphoric acid for two successive extractions. The filtrate was combined
and centrifuged at 4000g for 10 min. The supernatant was collected and made up to 50 ml and then filtered
through a 0.45um Advantec filter and analyzed by reversed- phase HPLC in a Hewllett packard 1050 system, a
UV-Vis detector and an HP-3365 series IT chemstation. The analytical Colum used was a tracer sphevisorb
ODS2 C18 (250x4.6 mm ID.,5um particle size) protected with a guard catridge (Tracer, C 18, 5ul); 300 ul of
0.56% (w/v) meta-phosphoric acid solution were added to special centrifuge and filtration tube, shaken for 30 sc
and centrifuged at 10 °C (10 min, 3000xg). The column temperature was 25 °C. Ascorbic acid was identified by
comparing the retention time of sample peak with that of the ascorbic standard at 254 nm.

2.8 Determination of sulforaphane in broccoli as well as cauliflower
Sulforaphane was extracted and determined according to the method described by [16]

2.8.1 Extraction of sulforaphane

Sulforaphane was determined by HPLC method described by [16]. Five grams of fresh broccoli or
cauliflower samples were homogenized for 5 min. The meal was left to autolyze at room temperature for 30
min. Then the meal was extracted two times with 50mL methylene chloride, that was combined and salted with
2.5 g anhydrous sodium sulfate. The methylene chloride fraction was dried at 30 °C under vacuum on a rotary
evaporator. The residue was dissolved in acetonitrile and was then filtered through a 0.22 mm membrane filter
prior to injection into HPLC.

2.8.2 HPLC Conditions

The aformentioned extract was determined by using HPLC technique as described by [16]. The
samples were analyzed with HPLC knauer, Germany, Gemini C18, Phenomenex USA, Column. The solvent
system consisted of 20% acetonitrile in water; this solution was then changed linearly over 10 min to 60%
acetonitrile, and maintained at 100% acetonitrile for 2 min to purge the column. The column oven temperature
was set at 30 °C. The flow rate was ImL/min, and 10 mL portions were injected into the column. Sulforaphane
was detected by absorbance at 254 nm. The quantity of sulforaphane in samples was based on the standard
curve of sulforaphane.

2.9 Antidiabetic effect of broccoli or cauliflower extracts
2.9.1 Biological Design

Seventy eight male albino rats, weighing about 180-200 g were used throughout this study. The rats
were obtained from the Research Institute of Ophthalmology, Giza, Egypt. The animals were fed on a basal diet
for 14 days as an adaptation period .The composition of basal diet was prepared according to AOAC [18] Salt
mixture and vitamin mixture were prepared as described in [17, 18] respectively. Food and water were given
adlibiitum.

2.9.2 preparation of broccoli or cauliflower extracts

The extract of broccoli or cauliflower was prepared according to the method described [19]. A mixture
of ethanol and water in the ratio of 7:3 was prepared then 5009 of the broccoli or cauliflower fresh or processed
florets were extracted by maceration method for three days. The extracted material was filtered and the filtrated
material was concentrated under vacuum evaporated until dryness.

2.9.3. Experimental Design

— The rats (78 rats) were divided into 13 groups, each contain 6 rats, namely:(G1) control basal diet, the
rest of the groups made diabetic by a single intravenously (marginal ear vein) injection of alloxan monohydrate
5% (w /v) in normal saline at a dose of 140 mg /kg body weight .Then 5 days later, blood samples collected and
glucose level were determined to confirm the development of diabetes .The rats with serum glucose level >300
mg /dl were consider to be diabetic according to the recommendation of [20] The previous mentioned groups
were administrated orally by stomach tube with different tested samples . (G2) was named as diabetic control,
(G3) was administrated with Sulforaphane 0.3 mg /kg / bw/ day described by [21]. The groups of rats G4 and
G5 were administrated with broccoli ethanol extract without process at concentration of 0.175 g/kg/bw/day
and 0.525 g/kg/bw /day to be equal to 0.1 mg/kg/bw/day and 0.3 mg/kg/bw/day sulforaphane respectively as
described by [16]. The groups of rats G6 and G7 were had broccoli ethanol extract steamed process at
concentration of 0.175 g/kg/bw/day and 0.525 g/kg/bw/day respectively. The groups of rats G8 G9, and G10
were administrated with cauliflower ethanol extract at 4.05 g/kg/bw/day, 8.11 g/kg/bw/day and 24.3
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g/kg/bw/day respectively (equivalent to 0.05 mg/ kg/bw/day , 0.1mg/ kg/bw/day and 0.3 mg/kg/bw for the
pure sulforaphane). The groups of rats G11 , G12 and G13 were had cauliflower ethanol extract steamed
process at concentration of 4.05 g/kg/bw/day, 8.11 g/kg/bw/day and 24.3 g/kg/bw/day. (equivalent to 0.05 mg/
kg ,0.1mg/ kg and 0.3 for the pure sulforaphane).

Blood samples were collected from eye plexuses by a fin capillary glass tubes per week for 4 weeks of
each treatment .The samples were centrifuged for 10 min. at 3000 rpm and the serum was collected. serum
glucose level , serum total cholesterol, HDL and LDL cholesterol, triglycerides, aloumin, malondialdehyde,
blood glutathione peroxidase were measured by using the diagnostic Kits.

2.10. Statistical analysis
Results were statistically analyzed by the least significant differences (L.S.D) at the level of probability
procedure according to [22].

I1l. Results and Discussion

Chemical composition of broccoli and cauliflower florets could be seen in Table (2). Results expressed
as g/100 g dry wt. basis. It could be shown from the results that the protein content of broccoli is higher than
that of cauliflower those recorded 20.79 and 18.40 (g/100g dry wt) respectively. However the ash content of
cauliflower recorded 10.73% that is higher than the corresponding content in broccoli florets which is only
9.19% and it was in significant difference. Results in table (2) also show that the total lipid of both broccoli and
cauliflower was insignificant difference and broccoli recorded higher percentage of total lipids than cauliflower
. Moreover, crude fiber of both broccoli and cauliflower was in non significant difference. Total carbohydrates
content of broccoli was less than that of cauliflower florets. The moisture content of fresh broccoli as well as
cauliflower florets was recorded 81.76 and 88.64% respectively. Our results are in accordance with those
reported by [23,24] who reported that the protein content, total lipids and ash of broccoli florets were recorded
21.79, 2.56 and 9.19 % on dry wt basis respectively. Meanwhile cauliflower contained 18.40% protein, 0.70%
lipids and 10.73% ash.

( Table 2).

Results for the effect of different processing treatments on the bioactive compounds those represented
as boiling, blanching and steaming process for fresh broccoli and cauliflower florets is shown in table (3).Total
phenols (mg/100g FW) for both broccoli and cauliflower changed during subjecting the florets to the different
processing treatments and they were in significant difference. The highest value was with the fresh one
followed by the steaming process. The lowest value was with the boiling thermal process. The depletion of
total phenolic content after boiling could be due to phenolic breakdown during cooking [24,25] Meanwhile,
[26] reported that steaming was the only method that retained the total phenolics content in cauliflower and
broccoli. They also found that during steaming it may be that the temperatures were lower than in the other two
methods and therefore did not affect the phenolic content as much. Results in table 3 also show the changes in
Vit.C content for broccoli and cauliflower as a result of thermal processing. Steaming process showed lesser
reduction on Vit.C content than the other two thermal processing for both broccoli and cauliflower. On the
contrare, Boiling led to deteriorate on the Vit.C content. Blanching treatment was not as good as steaming, but
not as bad as for boiling treatment. [11] reported that , the reduction in Vit.C levels in cauliflower florets was
most pronuced when boiled and the lowest when steamed. Moreover, [27] reported some reduction in Vit.C
when broccoli was boilied. They also found that blanching caused less reduction than boiling was observed.
Sulforaphane content of different thermal processing technique used for broccoli and cauliflower was
dramatically changed and it was in significant difference for all the tested samples as shown in table (3).
Steaming process recorded the lowest reduction in sulforaphane content of broccoli (1.38 mg/100 g
FW).However, blanching and boiling thermal treatment were in non significant difference ,but they were in
significant difference with steaming process for both broccoli and cauliflower florets. [28] reported that when
broccoli cooked by boiling, sulforaphane remained largely unaltered for the first 1.5 min and then declined,
meanwhile, steamed broccoli retained high sulforaphane (> 60%) up to 2 min before decling. Our results are in
agreement with the results of [29, 28]who reported that the best cooking method for time dependent retention of
sulforaphane production in broccoli and cauliflower is steaming cooking. Results in table (3) also show the
antioxidant activity (DPPH%) of the extracts fresh and thermal processed broccoli and cauliflower florets. The
values of antioxidant were statistically in significant difference. The highest values were with the fresh broccoli
and cauliflower. Throughout the thermal processing technique, steaming process had the highest value either for
broccoli or cauliflower. This indicate that steaming is the best thermal processing that could be protect the
availability of these vegetables. [11] reported that thermal processing of cauliflower affected the levels of
antioxidant capacities. Boiling reduced the antioxidant capacity , however, blanching also reduced this value but
to a lesser extent. Moreover, [30] measured the antioxidant capacity by the DPPH assay in blanched cauliflower
and reported some reduction, corresponding well with our findings. [27] found more reductions in boiled
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broccoli than the blanched samples for the DPPH assay. They also investigated the antioxidant capacities in
steamed broccoli, finding increases for DPPH. ( Table 3).

Results in table (4) show the effect of different concentrations of broccoli as well as cauliflower
florets extracts as well the pure sulforaphane 0.3 mg/kg/bw/day on the glucose content of the different groups of
rats either those had the basel diet or the others those were induced with alloxan and had the aforementioned
extracts all the results were in significant difference .The highest value of serum glucose was with the group
(G2) "diabetic rats" followed by G11 there diabetic rats had cauliflower extract representing 4.05 g/kg/bw/day.
In contrary, the lowest value was with G1 and G3 of rats, that they had basal diet and sulforophane (0.3
mg/kg/bw/day) respectively. In addition, the groups of rats "' G4 and G5" representing as fresh recorded lower
values of serum glucose, that they were 140.54 and 110.54 mg/kg/bw/day. Steaming process affected negatively
on the efficiency of broccoli and cauliflower as lowering rats serum glucose. Results also show that cauliflower
extracts G8 up to G13 were not in the efficiency for lowering serum glucose as with the corresponded groups of
rats those had broccoli G4 up to G7 in spite of the groups of cauliflower had high amount of extracts. This could
be attributed to the glucoraphanin content in both broccoli and cauliflower florets, [31] they reported that
sulforaphane (SF) is derived from the hydrolysis of glucoraphanin that is found naturally in broccoli and
cauliflower, but in different concetration. Moreover, [32] determined the concentration of glucoraphanine in
raw broccoli and cauliflower they found that, the content of glucoraphanin in broccoli was 29.4 pmol/100 g
fresh weight, meanwhile it was only 0.31 umol/100 g fresh weight. Although most of the evidence of
sulforaphane benefits is related to the prevention and inhibition of the carcinogenesis process [33]. Recent data
show other functions related to this compound, such as neuroprotective properties, besides preserved pancreatic
function in streptozotocin diabetic rats [34 ,35]. The diabetic mellitus is a disease characterized by
hypoglycemia caused by increased oxidative stress in various tissues, with evidence of increased levels of
oxidized DNA, proteins, and lipids [36].In additions, oxidative stress also triggers aseries of cellular responses,
including the activation of protein kinase C and the transcription factor nuclear factor-kB, and so forth.
Inappropriate activations of those important regulatory molecules would have deleterious effects on cellular
functions leading to the pathogenesis of various diabetic complications including retinopathy, nephropathy and
neuropathy. Science oxidative stress also contributes to several deleterious changes caused by STZ, antioxidant
substantially attenuate STZ toxicity. The hyperglycemia causes toxic effects on the structure and function of
organs, including the pancereatic islets, by multiple biochemical pathways and mechanisms of action such as
glucose autoxidation , protein kinase C activation, methyglyoxal formation, glycation, hexosamine metabolism,
sorbitol formation, and oxidative phosphorylation. As hyperglycemia worsens, B cells steadily undergo
deterioration, secrete less and less insulin, and become part of a downward spiral of function loss.Furthermore,
glucose possesses a reactive aldehyde moiety that reacts non enzymatically with the amino groups of proteins,
forming slowly reversible amadori products. Accordingly, the elevation of glycosylated protein products has
been implicated in diabetic complications[37]. Therefore, hyperglycemia has an important role in the
pathogenesis of diabetes and its complications by increasing protein glycation [38]. The oral administration of
the BUOH fraction that containing sulforaphane to diabetic rats dose dependently reduced serum level of
glucose, indicating an improvement in abnormal glucose metabolism and the reduced toxicity of excessive
glucose[20]. It could be shown from the results in table 4 that serum albumin of experimental rats affected
positively with different degrees dependent on the weather broccoli or cauliflower extracts were in the form of
fresh or steamed. "G2" diabetic rats" had only 1.53 g/dl serum albumin, it was in significant difference with all
the tested groups of rats. Significant difference could be shown throughout the values. Control sample of rats
G1" basal diet", G3 " rats had sulforaphane” , and G5 " rats had frsh broccoli extract equivalent to 0.3mg
sulforaphane / kg /bw/ day had the highest values of serum albumin and they were in non significant difference
through their values, meanwhile, they were in significant difference with the other tested groups of rats. The
lowest values were with the steamed broccoli as well as steamed cauliflower and also fresh cauliflower
containing 0.05 mg sulforaphane, they were in significant difference with the other samples of experimental
rats. [20] the serum level of albumin in diabetic control rats decreased compared to normal rats, while oral
administration of the broccoli ethanol extract to diabetic rats slightly increased the serum level of albumin,
indicating that albumin loss induced by urinary elimination under diabetic conditions was attenuated by oral
administration of the broccoli ethanol extract. Therefore, they attributed the increase in the serum albumin level
by broccoli flower extract administration as a sign of the alleviation of diabetic pathological conditions. Results
in table (4) also show the effect of broccoli and cauliflower florets extracts on serum malondialdehyde
(nmol/ml/serum) levels in the different groups of rats with alloxan induced diabetes. So, diabetes leads to the
disturbance of lipid profiles, especially an increased susceptibility to lipid peroxidation [39]. In particular, lipid
peroxidation products such as malondialdehyde are formed when polyunsaturated fatty acyl chains are attacked
by hydroxyl radicals, So, they are frequently used to determine the oxidant and antioxidant balance.Our results
indicated the elevation of lipid peroxidation under diabetes. Results in table (4) show that, the lowest value of
malondialdehyde was with the control group of rats (G1) that recorded 4.35 nmol/ml. In contrast, G2" diabetic
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group of rats had the highest value of malondialdehyde. All the samples were in significant difference. Group
(3) of rats those had 0.3 mg/kg/bw sulforaphane could decrease the level of malondialdehyde to the lowest
extend (6.80).However, this value was in nonsignificant difference with the groups of rats representing in
G4,G5,G9 and G10.This could indicate about the powerful of fresh broccoli and cauliflower in the
concentrations of 0.1 and 0.3 of sulforaphane mg/kg/bw in each one.The group of rats (G8) those had freshly
cauliflower in the concentration of 0.05 mg sulforaphane/kg/bw could also reduced the concentration of
malondialdehyde,but, it was not comparable with G9 and G10. The processed "steaming" of either broccoli or
cauliflower could also reduced the concentration of malondialdehyde at both levels 0.1 and 0.3 .However,
steamed broccoli was superior to the corresponded cauliflower for the two levels of sulforaphane "0.1 and 0.3
mg/kg/bw". The decrease in lipid peroxidation by butanol fraction from the broccoli flower implies a protective
role against diabetic oxidative stress induced by streptozotocin [20]. They also demonstrated that butanol
fraction has the strongest antioxidative effect among the fractions by scavenging radicals and inhibiting protein
oxidation induced by radicals. Furthermore, the effect of the broccoli flower against oxidative stress induced by
diabetes was also confirmed under an in vivo system. Results in table(4) also show the change in glutathione
peroxidase levels (U/ml) of blood rats, those affected by the broccoli and cauliflower florets extracts of those
rats with alloxan induced diabetes. Results show that " G1" normal group of rats recorded the highest value of
glutathione peroxidase 70.98 U/ml. On the opposite side "G2" diabetic group of rats recorded the lowest value
(23.03 U/ml). Great improvement could be seen as a result of having "G3" sulforaphane (0.3 mg/kg body wt
rat), the value increased up to 68.98 U/ml. The groups of rats had fresh broccoli G4 and G5, the glutathione
peroxidase also increased up to 58.11 and 63.74 respectively. Meanwhile groups of rats had steamed broccoli
were not in their value of glutathione as the corresponded fresh broccoli and they were in significant difference
with the rest of groups The other groups of rats G8,G9 and G10 there had fresh cauliflower in the range of 0.05,
0.1 and 0.3 successively, noticed some improvement in their glutathione peroxidase but not as for fresh
broccoli. Moreover, groups of rats represented as G11,G12 and G13 those had steamed cauliflower in the ratio
of 0.05, 0.1 and 0.3 of sulforaphane respectively recorded lower value of glutathione peroxidase compared with
the corresponded fresh cauliflower. So, in this respect, [40] reported that GSH "glutathion" primary agent
involved in redox regulation of protein thiols. More over, there is a consensus that reduced/oxidized glutathione
ratio is lower in diabetes [41,42]. In hyperglycemic conditions, glucose is preferentially used in the polyol
pathway [43], that consumes NADPH which is necessary for GSH regeneration by the glutathione reductase
enzyme. Hyperglycemia is therefore indirectly the cause of GSH depletion .As GSH is an important molecule,
its depletion leads to the increase of oxidative stress. As the key intracellular antioxidant, GSH reacts with
electrophilic compounds and serves as a reductant for eliminating hydrogen peroxides [43]. The main function
of exogenous GSH is to suppress lipid peroxidation which occurs in the plasma membrane and damages the
structure and permeability of membrane. [45]showed that red blood cell GSH levels decreased in our diabetic
patients parallel to the increase of MDA .However, there was not a significant difference between the diabetic
groups. Their results are consistent with those of other studies on antioxidant status of diabetic patients
[46].Antioxidant molecule, GSH, significantly decreased as shown in other studies [47]. [48] Confirm the
relationship between the period of illness and GSH depletion. In long term hyperglycemic conditions, GSH
depletion was more significant than those of newly diagnosed patients. ( Table 4)

Results of the effect of broccoli and cauliflower florets extracts on cholesterol, triglycerides, HDL and
LDL levels in the serum of rats with alloxan induced diabetes as shown in table (5). Serum cholesterol
(mg/dl)of different groups of rats under investigation were in significant difference. "G2" the diabetic group of
rats had the highest value of total cholesterol 131.24 mg/dl. This value was reduced up to 91.16 mg/dl for "G3"
group of rats had sulforaphane in the range of 0.3 mg/kg body wt. The groups of rats G4 and G5 had fresh
broccoli in the range of 0.1 and 0.3 sulforaphane could also improve the serum cholesterol level that reduced up
to 96.20 mg/dl for G5.However, groups of rats had steamed broccoli G6 and G7 were recorded higher values of
total cholesterol than the corresponded fresh broccoli. Groups of rats had fresh cauliflower were not in
comparable with the corresponded groups had steamed cauliflower, that the first groups were better than the
later groups. Serum triglycerides (mg/dl) of different groups of rats is also show in table(5)." G " control group
of rats had the lowest value "53.20 mg/dI". On contrare G2 of rats recorded the highest value of triglycerides
86.05 mg/dl. This value was reduced up to 55.98 mg/dl for " G3" group of rats had sulforaphane in the range of
0.3 mg/kg/body wt. This reduction was extended to the other groups of rats, The groups of rats G4 and G5 had
fresh broccoli in the range 0.1 and 0.3 mg sulforaphane could also reduced the serum triglycerides level up to
60.96 and 57.47 mg/dl for G4 and G5 respectively. Moreover, groups of rats had fresh cauliflower had lower
value of triglycerides compared to the processed ones. Results also show the changes in serum HDL (mg/dl) of
different groups of rats. The diabetic group of rats recorded the lowest value 21.06 mg/dl. Addition of
sulforaphane in the range of 0.3 mg/kg body wt of rat to there diet improve the level of HDL that increased up
to 50.97 "G3", This improvement was extended to the other groups of rats either the fresh broccoli or
cauliflower or the corresponded steamed for both cultivars. However groups of rats had fresh broccoli were
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superior to the other groups of rats had fresh cauliflower. Serum LDL (mg/dl) of different groups of rats is also
shown in Table (5). "G1" control group of rats had the lowest values'31.02 mg/dl". On contrare G2 of rats
recorded the highest value of LDL "92.70 mg/dI". The reduction in the values of LDL could be noticed for the
other groups of rats, however, "G3" group of rats had pure sulforaphane and also G5 were in comparable for
lowering LDL level, that they were the best groups of rats. Groups of rats had fresh cauliflower had lower
values of LDL compared to the processed ones. Broccoli extract inhibited the lipoprotein lipase activity in
adipose tissue, decreased gene expression, and the activity of key lipogenic enzymes, including diacylglycerol
acyltransferases, fatty acid synthase, and acyl-CoA-cholesterol acyltransferase [49]. In addition, indole
glucosinolates reduced apolipoprotein B secretion as a primary apolipoprotein of LDL [50]Another mechanism
in relation to the lipid-lowering effect of broccoli sprouts may be associated with sulforaphane capacity to
induce the Nrf2 (is a protein that regulates the rxpression of antioxidant proteins that protect against oxidative
damage triggered by injury and inflammation) pathway. Nrf2 activation directly targets lipogenic gene
expression such as PPARY (peroxisome  proliferator-activated receptors: are a group of nuclear
receptorproteins that function as transcription factors regulating the expression of genes. PPARs play essential
roles in the regulation of cellular differentiation, development, and metabolism carbohydrate , lipid, protein
and tumorigenesis of higher organisms) and subsequently modulates hepatic lipid homeostasis [51].
Interestingly, recent studies suggest that activation of PPARY might decrease atherosclerosis progression and
an increase in the insulin sensitivity might be a potential therapeutic target for the treatment of a type 2 diabetes
and lipid disorders [52]. ( Table 5)

IV. Conclusion
Retention of antioxidant activity total phenols, vitamin C, antioxidant activity and sulforaphane content
of broccoli and cauliflower was influenced by the different cooking processing method(boiling, blanching
,steaming) . it is better to consume fresh broccoli and cauliflower that will add higher benefits to the diet than
the consumption of cooking broccoli or cauliflower. However cooking by steaming was the better processing
method. So we concluded that the consumption of fresh as well as steamed broccoli and cauliflower will
protect the body from the incidence of diabetic or hypercholesterolemic symptoms.
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Table 1: Composition of basal diets (g/100g diet)

(Gl) (G2) (G3) G4) (G3) (G6) (GT) (G8) (G%) (G10) (G11) (G12) (G13)
Ingerident control | disbetic | Sulforsphane Breccoli Breccoli Steamed Steamed califlower | canliflower | canliflower Steamed Steamed Steamed
basel contrel | 0.3 mgkgbw extract extract broceeli broccoli extract extract extract cauliflower | canliflower | Cauliflowsr
diet 0175 0.523 extract EX1ract 403 811 243 extract extract extract
ghebwiday | gkgbwidayy 0.175 0,525 gkegbwiday | gkgbwiday | gkebw/day 4.03 a1 243
ghegbwiday | gkebw/day gkzgbwiday | gkgbwida | gkgbw/day
tarch 613 613 612 6133 60.98 6133 60.98 3745 5339 372 3743 3339 372
Casten 183 185 183 183 183 183 183 183 183 185 183 183 185
Corin ol 10 10 10 10 10 10 10 10 10 10 10 10 10
Celluloze 5 5 5 5 5 5 5 5 5 3 5 5 3
Vit Mix 1 1 1 1 1 1 1 1 1 1 1 1 1
Sat M 4 4 4 4 4 4 4 4 4 4 4 4 4
Sulforaphane - - 03 - - - - - - - -
mg kg bw/day
Broccoli 0175 0523
extract
gkgbw/day
Steamed 0.175 0323
Broccoli
extract
gkgbw/day
Canldlower 4.05 211 244
extract
gkgbw/day
Steamed 4.03 211 243
Canliflower
extract
gkgbw/day

Casien conteint 81% protein

Table 2: Chemical composition of broccoli and cauliflower florets (g/100 g dry weight basis)

Chemical composition% Broccoli Cauliflower LSD at 5%
Protein 20.79*+ 0.938 18.40° +0.237 1.551
Ash 9.19° +0.112 10.37° +0.360 0.604
Total lipids 2.56% +0.491 0.70° £1.527 0.788
Crude Fiber 11.65% +0.498 11.52% +0.550 0
Total carbohydrates 55.81" +0.523 59.01% +0.535 1.199
Moisture of fresh florets 81.76" +0.577 88.64* +0.713 1.470

Table 3: Effect of different thermal processing treatments on the bioactive compounds (mg/100g FW) and
antioxidant activity (%) of broccoli and cauliflower florets

Broceoli Cauliflower
Fresh Boiled Blanched Steamed LSD Fresh Boiled Blanched Steamed LSD
(3 min‘100°C)  (2min/100°C) (6min'100°C)  (3%) (8 min'100°C) (5 min/100°C) (10min/100°C)  (3%)
Total phencls 115.112= 80.13¢ 0805 105.87% 703532 43.03¢ 30.13¢ 68.28%
0330 =0.499 +0.794 +0.533 1.07 +=0.902 +=0.495 +0.772 +0.894 147
Vitamin C 109.112 45774 67.44¢ 85.66° 82792 35.63¢ 30.69¢ 65.78%
+=0.840 +=0.162 =0.499 +0.541 1.06 +0.369 +0.577 +=0.441 =0.992 120
Sulforaphane 2272 0.66° 0.71¢ 138 0.0532 0.012¢ 0.014¢ 0.035%
+=0.010 +=0.0057 +0.0057 0015 020 +=0.010 + =0 +=0.010 0.01
Antioxidant 8247 58.20¢ 69.66° 79123 T05T7: 52234 60.69¢ 69.74%
activity (DFFH =0977 =0.348 =0.463 =0477 122 =0.139 =0611 =0.692 =0.6350 107
%)
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Table 4: Effect of broccoli and cauliflower florets extracts on serum glucose, aloumin, malondialdehyde
and blood glutathione peroxidase levels in the rats with alloxan induced diabetes

Biochemical Parameters

Expenmental
groups of rats
Senum glucose Serum albumin Malondialdehyde Glutathione
(mg/dl) g/dl (n mol'ml) peroxidase
(U*/ml blood)
Gl 07.34=+ {02795 40020020 4353540577 7098077093
G2 4054310680 1.33*=0.0031 28.8*=0.8660 23.03 =0.7680
G3 103.00 ¥0.6107 42304041 680209624 68 D850 2646
G4 14034 £ 0.7843 338%403671 T6TE£03773 381105753
G3 11054 07381 3023%=x05223 721505773 63 74°=0 9801
G6 180538506780 2.70%%+0.0403 14.10=+0.7583 45350200120
GT 17025049212 2.80 =320 0643 2711013 40 7320 8364
G2 20015405829 208w 1858 10.96%0.7826 4687500648
Go 15083505448 36199201473 82520623 5587 08651
Gl0 1358405779 3010484 77041010 60.81%0.9400
Gl1 230.12*+ 06353 221%=0.262 163303914 39.73=08088
Gl2 21315+ 07836 261%%=x 0236 151305483 4327'x0.6113
Gl13 108.15*+= 05762 2858+ (0000 11.00 402066 46.372+0.7030
LED at 3% 1.12 157 121 138
Table 5. Effect of broccoli and cauliflower florets extracts on cholesterol, triglycerides, HDL and LDL
The serum of rats with alloxan induced diabetes levels in
Biochemical Parameters
Expenmental groups
of rats
Senum cholesterol Serum Serum HDL Senun LDL
(mg dl) tglveendes (mg/dl) ( mg/dl}
(mg/dl)
Gl g2 46502538 5320M05774 33.93:=0.1482 31.0250.7542
G2 131.24*= 06389 86.0533=0.8440 21.06%0.6228 0270209263
G3 01.16=05144 53981109400 30070 8451 60.040.6214
G4 1050905779 60 960 4128 432005772 66.16%03871
G3 06.20 05770 574750 4900 480507779 60821018
G6 11120505762 70572033351 36.135%0.7858 73 4504446
GT7 104235 06067 68.630.3697 3905506720 7136507375
GE 114 40 == 0.5096 663150 5091 31.0307287 7150206411
Go 101.155=0.4296 633300777 4095508733 68 8006446
Gl10 0R36%=0.2864 388607849 46.06%0.8160 63.14=03314
Gl11 118.16%0.7395 707750 6039 2838503554 800306135
G12 1100906187 736005585 339909266 7371505762
G13 10452505846 72.414:0.5399 38135023505 T8 7806502
LSD at 5% 0o1g 1.08 1.154 117

* broccoli extracts represents : fresh or steamed G4,G5,G6 and G7 were calculated as 0.175 and 0.525 those
equal 0.1 and 0.3 mg sulforaphane/kg/bw of rats
*cauliflower extract represent: fresh or steamed G8,G9,G10,G11,G12 and G13 were calculated as 4.05, 8.11
and 24.3 those equal 0.05, 0.1 and 0.3 mg sulforaphane/kg/bw of rats
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