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Diets rich in fruit and vegetables have long been associated with reduced risk of chronic disease. Antioxidant components of fruit and vegetables have recently generated great interest in scientific research. However, few studies have explored antioxidants in food after cooking. Cooking may alter antioxidant properties by initiating destruction, release or transformation of antioxidant food components. This study has investigated the effects of boiling and microwaving on the antioxidant properties of green broccoli and purple-sprouting broccoli. Antioxidant activities of the broccoli extracts were estimated using the 2,2-diphenyl-1-picrylhydrazyl radical scavenging method, vitamin C and phenols were estimated with the Folin–Ciocalteu reagent, flavonoids were evaluated using colorimetric methods and anthocyanins were determined by a pH differential method. Results showed antioxidant components of cooked broccoli to be quite different from uncooked broccoli. The antioxidant content of broccoli was retained and/or enhanced more after microwaving than after boiling. Cooking in water caused a leaching effect of antioxidants, and this increased with cooking time. Purple-sprouting broccoli was found to contain higher contents of antioxidant compounds compared with green broccoli, but tended to show higher sensitivity to cooking treatments. Cooking methods should be carefully considered in current dietary recommendations. Key words: antioxidants, broccoli, vitamin C, polyphenols, flavonoids, anthocyanins Submitted on 5 August 2011; accepted on 27 February 2012



Introduction Diets rich in fruit and vegetables have long been associated with reduced risk of chronic disease, particularly cardiovascular disease, cancers and type 2 diabetes (Faller and Fialho, 2009). Oxidative stress from increased amounts of reactive oxygen species (ROS) can cause extensive damage to cell structures, and is considered a major factor in the pathogenesis of these chronic diseases (Roy et al., 2009). Evidence suggests that regular consumption of fruit and vegetables minimizes some of these harmful effects, which has been somewhat accredited to the presence of compounds possessing antioxidant properties (Podsedek, 2007). The 



major antioxidants present in fruit and vegetables are: vitamin C, vitamin E, carotenoids and polyphenols, especially flavonoids, which all provide protection against free radicals (Monero et al., 2010). The quality and quantity of these antioxidant components are major attributes to the health benefits of fruit and vegetables that are associated with reduced risk of chronic disease (Roy et al., 2009). For example, regular consumption of dark green leafy vegetables has shown a protective effect against two common eye diseases, cataract and macular degeneration, caused by free radicals generated by sunlight, metabolism and infection. These vegetables contain the pigments lutein and zeaxanthin, which accumulate in the eye and eradicate free radicals, thus preventing
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harm to the eye’s sensitive tissues (Christen et al., 2008). The high fibre content of fruit and vegetables also provide a protective effect. The bulking and softening action of indigestible fibre can reduce pressure inside the intestinal tract and calm the irritable bowel (Lembo and Camilleri, 2003). Biological systems are constantly exposed to ROS generated both exogenously and endogenously. Accumulation of ROS can lead to damaging effects, through attacking DNA, proteins and lipids, which are central to the pathogenesis of chronic diseases (Valko et al., 2006). Deleterious effects of ROS are balanced by activities of antioxidants. Oxidative stress is the result of an imbalance of prooxidants (free radicals) and antioxidants in favour of prooxidants (Roy et al., 2009). Oxidative stress can be induced by variety of different factors, including UV radiation, metal-catalysed reactions, inflammation and electron transport reactions in the mitochondria (Valko et al., 2006). Antioxidant defences are imperative in biological protection against damage from ROS as they act as scavengers and directly remove free radicals (Pryor and Godber, 1991; Seis, 1997; Yamaguchi et al., 1998). Effective antioxidants can be enzymatic or non-enzymatic and exclusively quench free radicals, chelate radox metals and stimulate other antioxidants (Valko et al., 2006). Non-enzymatic antioxidants, including vitamin C, vitamin E, phenols and carotenoids, can be acquired through diet (Valko et al., 2006). Broccoli belongs to the Brassica genus (Podsedek, 2007) and is renowned for its vast range of non-enzymatic bioactive compounds, being rich in both nutritional antioxidants; vitamins C and E, and non-nutritional antioxidants; carotenoids, and phenolic compounds, particularly flavanoids (Lin and Chang, 2005). Broccoli is also rich in polyphenols, a large group of phytochemicals that are often considered the most abundant antioxidants in the diet (Faller and Fialho, 2009). Polyphenols cause interference with oxidation of lipids and other molecules by the rapid donation of hydrogen atoms to free radicals. The intermediates of the phenoxy radical are fairly stable and so prevent the initiation of further radical reactions (Valko et al., 2006). Flavanoids and their derivatives are the largest and most prominent group of polyphenols and are ideal scavengers of peroxyl radicals due to their specific reduction actions relative to alkyl peroxyl radicals, making them effective inhibitors of lipoperoxidation (Valko et al., 2006). Broccoli has been reported to contain both flavonol and hydroxycinnamoyl derivatives (Vasanthi, Mukherjee and Das, 2009). Few studies have investigated anthocyanins in broccoli which are the most prominent group of plant pigments among the coloured flavonoids and possess high antioxidant activity (AA) (Monero et al., 2010). Monero et al. (2010) studied the properties of acylated anthocyanins in broccoli and found the colour of purple-sprouting broccoli to be the result of the presence of anthocyanins. Another major health-promoting compound present in broccoli is vitamin C (Munyaka et al., 2010; Vasanthi, Mukherjee and Das, 2009). Vitamin C, which includes ascorbic acid and its oxidized product dehydroascorbic acid, par-



2



Bioscience Horizons • Volume 5 2012



ticipates in redox reactions in intra- and extracellular spaces of biological mechanisms. Vitamin C protects against cell death, directly scavenges superoxide radical, hydrogen peroxide, singlet oxygen and hydroxyl radicals, and acts as a lipid peroxidation chain-breaking agent (GliszczynskaSwiglo et al., 2006). Vitamin C also co-operates with vitamin E to regenerate membrane-bound oxidized α-tocopherol, creating an ‘antioxidant network’ (Valko et al., 2006). It is recognized that nutritional antioxidants act more efficiently in groups than singly, as they can perform as synergists to reduce ROS. Water-soluble antioxidants together with lipid-soluble antioxidants are able to quench free radicals in both their aqueous and lipid phases (Podsedek, 2007). Broccoli has been referred to as ‘The Crown Jewel of Nutrition’ since it possesses so many combinations of these health-promoting compounds, vitamins, minerals and fibre, therefore proclaiming its exceptional health benefits (Vasanthi, Mukherjee and Das, 2009). The antioxidant content of broccoli varies significantly between and within their subspecies, which can be due to many factors, including genotype, growth conditions and storage conditions (Podsedek, 2007). In addition to this, domestic cooking can dramatically reduce activities of antioxidant components, as many of these compounds are very sensitive to heat and are soluble in water (Zhang and Hamauzu, 2004). Absorption of water during boiling can dilute and cause leaching of antioxidant compounds and thus decrease their antioxidant content (Podsedek, 2007). There is a great amount of literature available concerning levels of antioxidant properties in raw fruit and vegetables (Sun et al., 2007; Gawlik-Dziki, 2008; Roy et al., 2009; Lemoine, Chaves and Martinez, 2010). However, there is less literature regarding the content of antioxidants in vegetables as usually eaten, i.e. after cooking. Variation in both cooking treatment and cooking duration may affect the nutritional value of vegetables (Lin and Chang, 2005). Broccoli is normally cooked by boiling in water or microwaving before consumption (Zhang and Hamauzu, 2004); thus, it is essential to determine which domestic cooking method and cooking duration are best for retaining antioxidants in this vegetable (Gliszczynska-Swiglo et al., 2006; Gebczynski and Lisiewsk, 2006). The aim of this study was to investigate the effects of domestic cooking methods on the nutritional quality of both green broccoli and purple-sprouting broccoli by assessing the AA and content of vitamin C, phenols, flavanoids and anthocyanins of raw broccoli and then after boiling and microwaving, for different lengths of time.



Materials and Methods Chemicals and reagents The following chemicals and reagents were used: 2,2-diphenyl-1-picrylhydrazyl (DPPH), l-ascorbic acid, gallic acid, trichloroacetic acid, Folin–Ciocalteu reagent, 
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methanol (HPLC grade), sodium carbonate, catechin hydrate, sodium nitrite, sodium hydroxide, aluminium chloride, potassium chloride, sodium acetate, acetic acid and hydrochloric acid.



Plant materials Fresh British green broccoli (Brassica oleracea) and purplesprouting broccoli were obtained from a local Sainsbury’s supermarket. Florets and 6 cm of stems were used.



Cooking processes Boiling Three hundred millilitres of distilled water were heated to boiling. Broccoli (10 g) was added to the boiling water and cooked for 5, 10 and 20 min, before performing extractions. Microwaving Broccoli (10 g) was added to 100 ml of distilled water and cooked in a domestic microwave oven on a high heat for 1, 2 and 5 min, before performing extractions.



Extraction Ten g (dry weight) of raw or cooked tissues were homogenized with 15 ml of 80% methanol. The homogenate was filtered through four layers of cheesecloth; the residue was homogenized with 15 ml of 80% methanol and then filtered again. This filtrate was treated and homogenized with a further 15 ml of 80% methanol and filtered for a third time. The filtrates were then centrifuged at 2000g for 20  min. Supernatants were collected and diluted with distilled water to various concentrations. Extracts were stored in a refrigerator at 3°C for no longer than 4 weeks.



Antioxidant activity Antioxidant activity was determined by the DPPH radical scavenging method of Zhang and Hamauzu (2004) with modifications. Essentially, 4 ml of 0.1 mM DPPH (in 80% methanol) solution was treated with 0.2 ml of extract, with the control containing 4 ml DPPH solution and 0.2 ml of distilled water, instead of the extract. The absorbance of the DPPH solution was determined at 521 nm. Extracts were then added and the mixtures were stirred, and then left at room temperature for 3 min before the decrease in the absorbance was measured again at 521 nm. A concentration of 50% of the original extract was considered an appropriate concentration for assessing the AA of all broccoli samples and the AA was expressed as the percentage inhibition of DPPH from the following equation: Total antioxidant activity (%inhibition DPPH) abs − abs 3 min after extract added = initial abs
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Vitamin C estimation Vitamin C estimation was determined by the Folin–Ciocalteu reagent method by Jagota and Dani (1982), with modifications. Neat broccoli extracts (0.5 ml) were added to 0.8 ml of 10% trichloroacetic acid and vigorously shaken and the mixtures were kept on ice for 5 min and then centrifuged at 3000 g for 5 min. This extract (0.2 ml) was then diluted to 2 ml with distilled water. Commercially prepared 2.0 M Flolin–Ciocalteu was diluted 10-fold with distilled water and 0.2 ml of this diluted reagent was added to the mixture and vigorously shaken. After 10 min at room temperature, the absorbance was measured at 760 nm against distilled water as a blank and the vitamin C content was estimated through the calibration curve of ascorbic acid.



Total phenols determination The phenolic content of the obtained extracts was estimated by a colorimetric assay based on procedures by Singleton and Rossi (1965) with modifications. Forty per cent extract concentration (0.5 ml) 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. Mixtures were 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.



Flavonoid determination The total flavonoid content of the obtained extracts was estimated using a colorimetric method described by Heimler et al. (2005), with modifications. Neat extracts of 0.25 ml were mixed with 75 µl of 5% sodium nitrite solution, 0.15 ml of freshly prepared 10% aluminium chloride solution and 0.5 ml of 1 M sodium hydroxide solution. The final volume of the mixture was adjusted to 2.5 ml with deionized water. The mixture was allowed to stand for 5 min at room temperature before the absorption was measured at 510 nm against the same mixture, minus the sample, as a blank. The total flavonoid content is expressed as (+)catechin equivalents [CE, µg (catechin/0.25 ml extract)] through the calibration curve of (+)catechin.



Anthocyanins determination Anthocyanin content of the obtained neat extracts was determined using a pH differential method described by Hosseinian, Li and Beta (2008). Two separate solutions of each samples were prepared, one for pH 1.0 using 0.03 M potassium chloride buffer, with hydrochloric acid (HCl) slowly added to the mixture to adjust the pH to 1.0. The other for pH 4.5 using 0.4 M sodium acetate buffer, using acetic acid to adjust the pH of the mixture to 4.5. The pH of the mixture was read using a calibrated pH meter. 0.5 ml of the sample was added to 1.5 ml of each buffer solution and
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then adjusted to the suitable pH, as stated above. The absorbance of each mixture was measured at 520 nm against distilled water as a blank and the total anthocyanin content (µg/0.5 ml) was calculated using the following formula and expressed as Cy-3-glc equivalents:



but cooking had a more unfavourable effect on the antioxidant content of purple-sprouting broccoli (Fig. 1). After boiling for 20 min and microwaving for 5 min, there was no significant difference in AA between the two varieties of broccoli (Table 1).



A × MW × DF × 107 εε × 1



Initial microwaving for 1 min led to an increase in the AA of 6.46% in green broccoli; however, initial boiling for 5 min had no significant effect. AA in green broccoli either significantly decreased with cooking time or did not change significantly. Five minutes of boiling and 1 min of microwaving had a much greater effect on the AA of purple-sprouting broccoli, with losses of 51.65% and 17.72%, respectively. Boiling led to more unfavourable effects regarding AA, compared with microwaving in both varieties of broccoli.



where A is the absorbance = (Aλ vis-max)pH 1.0 – (Aλ vis-max) pH 4.5, MW the molecular weight (g/mol) = 449.2 g/mol for Cy-3-glc, DF the dilution factor (0.4 ml of the sample is diluted to 2 ml DF = 5), and ε the extinction coefficient (L × cm−1 × mol−1) = 26 900 for Cy-3-glc, where L (path length in cm) = 1.



Statistical techniques Statistical analysis of the results was completed using Microsoft Office Excel 2007. Data are expressed as means ± standard deviation (SD) of a minimum of triplicate experiments taken from one extract of each separate cooking treatment. Differentiation between data sets was determined by Student’s t-test, and significant differences were considered when means of compared sets differed at P  









Suggest Documents










Glucosinolates in Broccoli Stored under Controlled Atmosphere





Read more





 




HEALTHY BROCCOLI RECIPES





Read more





 




GRADE A BROCCOLI, CUTS





Read more





 




The Broccoli Cole Slaw Edition





Read more





 




Gamma Irradiation Increases the Antioxidant Properties of Tualang Honey Stored Under Different Conditions





Read more





 




Lesson 8 Flowers, Bees and Broccoli





Read more





 




Green energy from different feedstock processed under anaerobic conditions





Read more





 




Tea and Antioxidant Properties





Read more





 




MELTING ICE CUBES UNDER DIFFERENT CONDITIONS OF HEAT AND WATER





Read more





 




Stability of Dietary Phenolics and Antioxidant Properties of Vegetables Depends on Cooking Methodology





Read more





 




Clinical and molecular evidence of the consumption of broccoli, glucoraphanin and sulforaphane in humans





Read more





 




EFFECT OF PLANT SPACING AND NITROGEN LEVELS ON NUTRITIONAL QUALITY OF BROCCOLI (Brassica oleracea L.) Abstract





Read more





 




ABSTRACT. Effect or nitrogen and plant population on yield and quality or broccoli





Read more





 




Research Article. Evaluation of anti-inflammatory, antibacterial and antioxidant properties of ethanolic extracts of Citrus sinensis peel and leaves





Read more





 




Rooibos Tea: New Research Documents Antioxidant and Anticancer Properties





Read more





 




Antioxidant Properties of Brassica Vegetables





Read more





 




Mobilization of stored nitrate in broccoli (Brass ica oleracea var. italical





Read more





 




High Frequency Regeneration and Agrobacterium tumefaciens-mediated Transformation of Broccoli (Brassica oleracea var. italica)





Read more





 




Structural stability of commercial ficin under different denaturing conditions





Read more





 




Extraction of Carrot (Daucus carota L.) Carotenes under Different Conditions





Read more





 




Analysis of a Repairable System Operating Under Different Weather Conditions





Read more





 




Effect of Supplementary Pre-Harvest LED Lighting on the Antioxidant and Nutritional Properties of Green Vegetables





Read more





 




Original article: CHEMICAL COMPOSITION, ANTIOXIDANT AND ANTIGENOTOXIC ACTIVITIES OF DIFFERENT FRACTIONS OF GENTIANA ASCLEPIADEA L





Read more





 




Effects of heat processing on product quality of sous-vide broccoli packs





Read more





 












×
Report "Research article Antioxidant properties of green broccoli and purple-sprouting broccoli under different cooking conditions"





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes












Copyright © 2024 KIPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Help |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Google
 Login with Facebook














