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Abstract: This study was designed to determine and compare the effect of boiling and microwave cooking
methods on the contents of vitamin C, -carotene and total phenolic as well as the antioxidant activities in
selected  vegetables.  Total  vitamin  C  and -carotene  contents  of  fresh  vegetables ranged from 33.83 to
92.65 mg/100g edible portion and from 41.40 to 340.51 µg/100g edible portion, respectively. Total phenolic
contents of the investigated vegetables were in the order of broccoli > cauliflower > white cabbage. Boiling for
6 minutes reduced significantly the amount of -carotene in the all tested vegetables. Meanwhile, the boiling
for 4 minutes and microwaving for 2 or 3 minutes caused a non-significant decrease of -carotene in the same
vegetables. The effect of the two employed cooking methods on vitamin C and total phenolic were significant
(p<0.05) for all tested vegetables. After cooking, total antioxidant activities decreased significantly depending
on the type of vegetable and cooking method. In conclusion, microwave cooking is preferable to processing
by boiling with regard to vitamin C, -carotene, total phenolic and antioxidant activities retentions in the all
tested vegetables.
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INTRODUCTION are very sensitive to heat and storage [5]. In contrast,

Brassica vegetables belong to Brassicaceae family when exposed to high temperatures, a quality that is
and include different genus of broccoli, cabbage, reflected in the preservation of their antioxidant capacity
cauliflower and others. These vegetables posses both [10, 11]. Other studies performed on different vegetables
antioxidant and anticarcinogenic properties [1-3]. after cooking showed that the total polyphenols content
Variation in the antioxidants content of Brassica and  antioxidant capacity could be either higher or lower
vegetables such as vitamins,  carotenoids,  flavonoids in comparison to the fresh samples [3, 7, 8, 11, 12].
and other phenolic compounds is caused by many The aim of the present study is to evaluate
factors: variety,  maturity  at  harvest, growing conditions, degradation and release of the bioactive compounds
soil state and conditions of post-harvest storage [3, 4, 5]. (vitamin C, -carotene and total phenolic) as well as
Brassica vegetables are consumed all over the year as antioxidant activities of broccoli, white cabbage and
ingredients  of  different salads or after cooking of row cauliflower as affected by different cooking (boiling and
and frozen vegetables [3]. Cooking processes  would microwaving) methods.
bring about a number of changes in physical
characteristics and chemical composition of the MATERIALS AND METHODS
vegetables [5, 6, 7]. Many studies have shown that
various cooking methods affected the content of Materials
phytochemicals, in particular, antioxidant present in the Samples:  Samples  of  three  vegetables,  i.e. fresh
vegetables [8, 9]. Ascorbic acid and  some  carotenoids broccoli (Brassica oleracea var. Italia), white cabbage

polyphenols and flavonoids have shown certain stability
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(Brassica oleracea var. Capitata) and cauliflower were carried out under subdued light. Also all the
(Brassica oleracea var. Botrytis) were purchased  from glassware’s  were  wrapped  with  black  carbon  paper.
the local market. The  color  intensity  of -carotene   was   measured  at

Chemicals and Reagents: Folin-Ciocalteu’s reagent and Instruments Ltd and compared with -carotene reference
gallic acid were purchased from Merck (Darstadt, standard.
Germany).1, 1- diphenyl-2- pierylhydrazyl (DPPH) was
purchased from Sigma (Mo, USA). All other chemicals Preparation of the Extract: Extraction was carried out
were of analytical quality grade. Solvents were distilled according to the method of Turkmen et al. [7] with some
before used. modifications. About 5g raw and cooked homogenized

Methods methanol in 250 conical flasks. The flask was placed on a
Sample Preparation and Cooking: The vegetables were mechanical shaker for 2h. The crude extract was
washed with tap water after removing inedible parts centrifuged at 3000 rpm for 30 min and the supernatant
manually or with the help of a sharp knife. All vegetables decanted into polypropylene tubes. The pellets were
dried on paper towel and were cut into almost equal small extracted under the identical conditions. Supernatants
pieces, mixed well and 1500g for each vegetable were were combined and filtered through Whatman No.1 filter
reserved for raw analyses and cooking procedures, using paper. The clear extracts were analyzed both for the
300g for each applied method. All cooking experiments determination of phenolic content and antioxidant
were done in triplicate, using 100g of vegetables for each activity.
individual run. The pre-treatment and cooking procedures
were adapted as well as the applied time was determined Determination of Total Phenolic Content: The total
by  the  researchers  in  their   preliminary  experiments. phenolic content was determined with Folin-Ciocalteu’s
Raw and processed vegetables were homogenized in a reagent according to the method of Mc Donald et al. [15].
blender (Moulinex) for 2 min. Homogenized samples were 0.5 ml. of extract and 0.1 ml(0.5N) Folin-Ciocalteu’s reagent
kept at -20°C until analyses. was mixed and the mixture was incubated at room

Boiling: Each vegetable sample (100g) was placed into a carbonate solution was added and further incubated for
stainless steel pan with 150ml of boiling distilled water 30 min. at room temperature. The absorbance was then
and covered with a lid. The boiling times were 4 or 6 min measured at 760 nm in a Spectrophotometer T80+UV/VIS
for each vegetable. The samples were drained off and PG Instruments Ltd. The results were expressed as
cooled rapidly on plenty of ice. milligram gallic acid equivalents (GAE)/100g edible

Microwave:  Each  vegetable  sample  (100g)  was placed
in  a  glass  dish and 12ml. of distilled water was added. Determination of Total Antioxidant Activity: The total
The dish was covered with cooking bag, having several antioxidant activity was measured by using 1, 1–diphenyl-
holes  and  cooked  in a Gold Star Microwave Oven 2- picrylhydrazyl (DPPH) by the method of Shyamala and
(Model ER-535MD) (2450 MHz) on a high power level. Jamuna [16]. Different concentrations of extract were
The  cooking  times for each vegetable were 2 or 3 min. taken  in  different test tubes and the volume equalized
The samples were drained off and cooled rapidly on with MeOH. Four ml of 0.1 mM methanol solution of
plenty of ice. DPPH was added to these test tubes and shaken

Estimation of Vitamin C: Ascorbic acid was estimated by 20 min. A control sample was prepared as above without
2, 6- dichlorophenol indophenol visual titration method, extract and methanol was used for the baseline correction.
which is based on reduction of the dye color from blue to Changes in the absorbance of the samples were measured
pale pink by ascorbic acid [13]. at 517nm in a Spectrophotometer T80+UV/VIS PG

-Carotene Analysis: -carotene was extracted with expressed as the inhibition percentage:
acetone  according  to  the  method   described by
Gayathri et al. [14]. All extractions and chromatography AA (%) = Ab  control –Ab  sample /Ab control x100

450 nm in a Spectrophotometer T80+UV/VIS PG

samples were extracted using 25 ml 80% aqueous

temperature for 15 min, then 2.5 ml saturated sodium

portion.

vigorously. The tubes were then incubated in the dark for

Instruments Ltd and the total antioxidant activity
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Statistical Analysis: Statistical analysis of the results was changes than the microwave cooking. The short cooking
completed using Microsoft Office Excel 2003. Data were time used in microwaving preserves the total phenolic
expressed as means ± standard error (SE) of triplicate contents of the vegetables than the boiling.
experiments. Differentiation between data sets was
determined by Student’s t- test and significant differences Cooking Effect on Antioxidant Activity in Some Brassica
were considered when means of compared sets differed at
p < 0.05.

RESULTS

Cooking Effect on Vitamin C Contents in Some Brassica
Vegetables: The content of vitamin C among Brassica decrease in its absorbance at 517nm induced by different
vegetables varies significantly between and within their antioxidants. In general, cooking was found to lead to
subspecies (Table 1) Broccoli had the highest reductions in the antioxidant activity for the tested
concentration of ascorbic acid, followed by cauliflower. vegetables as shown in Table 4.
The lowest ascorbic acid level was found in white
cabbage. Cooking treatments led to a significant DISCUSSION
deleterious on the vitamin C contents. Dramatic losses in
the vitamin C contents in these vegetables after boiling The effect of some domestic cooking methods on
and microwave cooking were observed. Boiling had a vitamin C, -carotene, total phenolic content and
greater effect on vitamin C losses compared with antioxidant activity of some Brassica vegetables were
microwaving, especially boiling for 6 minutes. Boiling for measured. More than 85% of vitamin C in human diets is
6 minutes caused 64.45% decrease in broccoli, 70.74% in supplied by fruits and vegetables [3,17]. The content of
white cabbage and 66.82% in cauliflower. vitamin C among Brassica vegetables varies significantly

Cooking Effect on -Carotene Contents in Some reported variations in vitamin C content might be related
Brassica Vegetables: With regard to -carotene (Table 2) to the differences in genotype and the differences in
the highest content was recorded in broccoli analytical method [3, 18]. Biological function of L-ascorbic
(340.51±26.80µg/100g),  followed  by white cabbage acid can be defined as an enzyme cofactor, a radical
(57.39± 5.54µg/100g)and cauliflower (41.40±4.25µg/100g). scavenger and as a doner /acceptor in electron transport
Results of this study revealed that microwaving resulted at the plasma membrane. Ascorbic acid is able to
in higher -carotene content to that of boiling. Data in the scavenge the superoxide and hydroxyl radicals as well as
Table 2 also showed that boiling for 6 minutes declined regenerate -tocopherol [19]. Boiling had a greater effect
significantly the amount of -carotene by 30.48, 34.66 and on vitamin C loss compared with microwaving due to its
37% in broccoli, white cabbage and cauliflower, high  solubility  in water, low stability with heat and time
respectively, while microwaving for 3 minutes decreased of  cooking.  Similar  observations  were   reported by

-carotene by 23.75, 26.97and 29.06 % in the same Yuan et al. [20] and Francisco et al. [21]. The results
vegetable. obtained by Zhang and Hamauzu [5] showed that the

content of ascorbic acid in broccoli declined dramatically
Cooking Effect on Total Phenolic Contents in Some during both conventional and microwave cooking. They
Brassica Vegetables: Total phenolic contents in broccoli, observed that the time of cooking had a higher influence
white cabbage and cauliflower are presented in Table 3.
Phenolic contents in the fresh vegetables ranged from
195.21 to 317.10 mg of gallic acid/100g edible portion and
the ranking were broccoli > cauliflower > white cabbage.
Total phenolic content of the investigated vegetables was
found to be generally reduced by boiling and microwave
cooking. Boiling was found to cause more significant

Vegetables: There are different methods for the estimation
of antioxidant activity. DPPH radical is commonly used as
substrate  to  evaluate antioxidant activity, it is a useful
and  stable  free  radical  that can be accepted as electron
or hydrogen radical to become a stable molecule. The
reduction of DPPH free radical was determined by the

between and within their subspecies. The cause of

on ascorbic acid level than the cooking methods.
Deficiency of vitamin A is one of the major public

health problems in Egypt and other developing countries.
The most important contributory factor for this situation
is  inadequate   intake   of   vitamin   A   or   its  precursor

-carotene. An increased intake of -carotene rich foods
in  the daily diet may be preferred to the massive synthetic
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Table 1: Cooking effect on vitamin C contents in some Brassica vegetables (mg/100g edible portion)
            Vegetables

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Broccoli White cabbage Cauliflower
----------------------------------------- ----------------------------------------- --------------------------------------

Treatments Amount % Amount % Amount %
Fresh 92.65 ±4.25 100 33.83 ±1.75 100 60.04 ±3.53 100
Boiling
4 min 50.98 ±2.74 55.02 16.90 ±0.95 49.96 31.28 ±1.71 52.10c c c

6 min 32.94 ±1.82 35.55 10.22 ±0.59 30.20 19.92 ±0.92 33.18d d d

Microwaving
2 min 55.73  ±2.90 60.15 18.94  ±1.11 55.99 34.73  ±1.79 57.84c c c

3 min 38.48  ±2.23 41. 53 12.45  ±0.81 36.80 23.42 ±1.26 39.00d d d

Vitamin C contents in fresh vegetables were set to 100 %.Data are expressed as means ± standard error (SE) of triplicate experiments. 
a: significant in the comparison between raw and cooked vegetables.
b: moderate significant in the comparison between raw and cooked vegetables.
c:highly significant in the comparison between raw and cooked vegetables.
d: very highly significant in the comparison between raw and cooked vegetables.

Table 2: Cooking effect on -carotene contents in some Brassica vegetables (µg/100g edible portion).
          Vegetables

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Broccoli White cabbage Cauliflower
----------------------------------------- ----------------------------------------- --------------------------------------

Treatments Amount % Amount % Amount %
Fresh 340.51± 26.80 100 57.39 ± 5.54 100 41.40 ±4.25 100
Boiling
4 min 265.70 ±20.12 78.03 42.76 ±4.00 74.51 29.87±2.60 72.15
6 min 236.72  ±18.05 69.52 37.50 ±2.91 65.34 26.08 ±2.25 63.00a a a

Microwaving
2 min 286.10 ±22.50 84.02 46.43 ±4.40 80.90 32.63 ±3.00 78.82
3 min 259.64 ±19.80 76.25 41.91 ±3.85 73.03 29.37 ±2.40 70.94

-carotene contents in fresh vegetables were set to 100 %.Data are expressed as means ± standard error (SE) of triplicate experiments. 
a: significant in the comparison between raw and cooked vegetables.
b: moderate significant in the comparison between raw and cooked vegetables.
c:highly significant in the comparison between raw and cooked vegetables.
d: very highly significant in the comparison between raw and cooked vegetables.

Table 3: Cooking effect on total phenolic contents in some Brassica vegetables (mg GAE/100g edible portion)
           Vegetables

---------------------------------------------------------------------------------------------------------------------------------------------------------------
Broccoli White cabbage Cauliflower
----------------------------------------- ----------------------------------------- --------------------------------------

Treatments Amount % Amount % Amount %
Fresh 141.20 ± 8.74 100 85.26 ± 5.11 100 101.12 ± 5.98 100
Boiling
4 min 100.53 ±6.13 71.20 55.60  ±3.38 65.21 68.26  ±4.12 67.50a b b

6 min 89.10 ±4.92 63.10 48.17  ±2.89 56.50 60.22  ±3.67 59.55c  c c

Microwaving
2 min 107.25 ±5.97 75.96 60.11  ±3.35 70.50 74.27 ±4.86 73.45a  b a

3 min 99.19 ±5.12 70.25 54.68 ±3.47 64.13 68.26 ±3.70 67.50b b b

Total phenolic contents in fresh vegetables were set to 100 %.Data are expressed as means ±standard error (SE) of triplicate experiments. 
a: significant in the comparison between raw and cooked vegetables.
b: moderate significant in the comparison between raw and cooked vegetables.
c:highly significant in the comparison between raw and cooked vegetables.
d: very highly significant in the comparison between raw and cooked vegetables.
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Table 4: Cooking effect on antioxidant activity and retention factors in some Brassica vegetables.
          Vegetables

--------------------------------------------------------------------------------------------------------------------------------------------------------------
Broccoli White cabbage Cauliflower
----------------------------------------- ----------------------------------------- --------------------------------------

Treatments Inhibition % Inhibition % Inhibition %
Fresh 74.10 ±2.25 100 60.28± 1.67 100 64.15 ± 1.83 100
Boiling
4 min 62.05 ± 1.80 83.74 45.61 ± 1.42 75.66 51.89 ± 1.50 80.89b c c

6 min 57.21 ± 1.58 77.21 39.35 ± 1.30 65.28 46.21 ± 1.25 72.03c d c

Microwaving
2 min 64.65 ± 1.90 87.25 49.88 ± 1.41 82.25 54.90 ± 1.60 85.58a b a

3 min 60.02 ± 1.77 81.00 44.41 ± 1.40 73.67 50.10 ± 1.35 78.10b c c

Antioxidant activities (% Inhibition) in fresh vegetables were set to 100 %. Data are expressed as means ± standard error (SE) of triplicate experiments. 
a: significant in the comparison between raw and cooked vegetables.
b: moderate significant in the comparison between raw and cooked vegetables.
c:highly significant in the comparison between raw and cooked vegetables.
d: very highly significant in the comparison between raw and cooked vegetables.

vitamin A dosage approach and can be one of the scavenge reactive oxygen species due to their electron
strategies for improving nutritional status [14]. The high donating properties. Their antioxidant effectiveness
sensitivity of -carotene to light and heat is well depends on the stability in different system, as well as
recognized and its loss is therefore expected during heat number and location of hydroxyl groups. In many studies,
processing. In terms of -carotene stability during food phenolic compounds demonstrated higher antioxidant
processing, there are opposite reports. Some workers activity than antioxidant vitamins and carotenoids [3, 24].
have reported losses of -carotene from some vegetables Phenolic compounds in vegetables are present in both
such as broccoli, white cabbage and cauliflower during soluble forms and combined with cell wall complexes.
conventional and microwave cooking [5, 11]. De Sa and Thus, increased surface area of tissues in contact with
Rodriguez-Amaya [22] noted also a reduction of cooking water, as well as high cooking temperatures and
carotenoids concentration in both boiled and stir-fried lengthy cooking times are all likely to have caused
samples, the loss was as high as 22 and 4%, respectively. disruption of cell walls and breakdown of phenolic
On the contrary, Hart and Scott [23] reported that thermal compounds [21]. Results from the present study found
processing increased carotenoids content, presumably both employed cooking methods to exhibit a negative
due to greater chemical extractability and enzymatic effect on the total phenolic content of selected
degradation, boiled broccoli and green cabbage showed vegetables, with boiling causing a more profound effect.
an increase of 31% of total carotenoids. Among the two Francisco et al. [21] also reported the depletion of
cooking methods employed in this study, microwaving phenolics in Brassica vegetables after boiling and
caused high retention of -carotene content of the microwaving. Zhang and Hamauza [5] reported much
investigated vegetables than the boiling in water could be greater phenolic losses of about 72% in broccoli after 5
attributed  to higher oxidative destruction and the cooking min of cooking by boiling and microwaving. However,
time [14] or by absorption of water during boiling which Turkman et al. [7] reported no detrimental effect of total
diluted the compounds and decreased their content [3] phenolic content in various green vegetables after boiling
and the differences in the extraction and cooking methods and an increase in broccoli after steaming and
[7]. microwaving. The difference may have been due to the

Phenolic compounds are a large group of the variation in the extraction and cooking methods.
secondary metabolites widespread in plank kingdom. Brassica vegetables extracts have been screened for
They are categorized into classes depending on their antioxidant activity using different oxidation systems and
structure  and  subcategorized within each class methods to measure antioxidant capacity. The DPPH
according to the number and position of hydroxyl group method used in this study to estimate antioxidant activity
and the presence of other substituent. The content of is based on the ability of antioxidants to reduce the DPPH
total phenolic in vegetables can be influenced by various free radical. Although the method allows simple and rapid
factors such as varieties, climatic conditions, cultural measurement of free-radical scavenging activity, it has the
practices and maturity at harvest. Phenolics are able to limitation of color interference and sample solubility [25].
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Total antioxidant activity of tested vegetables decreased 2. Chu, Y.F., J. Sun, X. Wu and R.H. Liu, 2002.
during cooking methods compared to the values for the
fresh ones. Phenolic compounds with vitamin C are the
major antioxidants of Brassica vegetables, due to their
high content and high antioxidant activity, on the
contrary, lipid-soluble antioxidants(carotenoids and
vitamin E were responsible for up to 20% of the total
antioxidant activity of Brassica vegetables [3]. Cooking
was found to lead to reductions in the antioxidant activity
for the tested vegetables, with boiling causing a more
preformed effect. Heat treatments affect the antioxidant
activity of vegetables and in many cases have been
observed lower antioxidant capacity in processed samples
versus raw vegetables [26]. During the conventional and
microwave cooking for 5 min, both the florets and stems
of broccoli retained about 35% of total antioxidant activity
measured by DPPH method [5]. Similarly, according to Lin
and Chang [27] the extract from broccoli cooked for 10 min
at 50ºC showed scavenging activity toward DPPH radicals
of 31% DPPH index of cauliflower decreased by 23%, but
in case of cabbage increased by 9% during blanching in
water [28]. Other researchers indicated that processing
caused no change to antioxidant activities of fruits and
vegetables or enhanced its due to improvement of
antioxidant activities of naturally occurring compounds or
formation of novel compounds such as Millard reaction
products which having antioxidant activity [8, 29, 30].

CONCLUSION

The contribution of some Brassica vegetables such
as broccoli, white cabbage and cauliflower to health
improvement can be related to their antioxidant capacity.
Water and lipid soluble antioxidants such as vitamin C,
phenolic compounds and -carotene are the major
antioxidants in these vegetables, due to their high content
and high antioxidant activity. This study indicated that
the content of antioxidants in these vegetables varies
significantly between and within their subspecies.
Domestic cooking influence antioxidants content and
activity.  Microwave  cooking  caused  greater vitamin C,

-carotene, total phenolic and antioxidant activity
retention than boiling in water in all investigated
vegetables.

REFERENCES

1. Cohen, J., R. Kristal and J. Stanford, 2000. Fruit and
vegetable intakes and prostate cancer. J. of the
National Cancer Institute, 9: 61-68.

Antioxidant and antiproliferative activities of
common vegetables. J. of Agriculture and Food
Chemistry, 50: 6910-6916.

3. Podsedek, A., 2007. Natural antioxidants and
antioxidant capacity of Brassica vegetables: A
review. LWT, 40: 1-11.

4. Jaffery,  E.H., A.F. Brown, A.C. Kurilich, A.S. Keek,
N. Matusheski and B.P. Kleinn 2003. Variation in
content of bioactive components in broccoli. Journal
of Food Composition and Analysis, 16: 323-330.

5. Zhang, D. and Y. Hamauzu, 2004. Phenolics, ascorbic
acid, carotenoids and microwave cooking. Food
Chemistry, 88: 503-509.

6. Rehman,  Z.U.,  M.  Islam  and  W.H. Shah, 2003.
Effect of microwave and conventional cooking on
insoluble dietary fibre components of vegetables.
Food Chemistry, 80: 237-240.

7. Turkmen,  N.,   F. Sari   and   Y.S.   Velioglu,  2005.
The effect of cooking methods on total phenolics
and antioxidant activity of selected green vegetables.
Food Chemistry, 93: 713-718.

8. Ismail, A. and W.Y. Lee, 2004. Influence of cooking
practice on antioxidant properties and phenolic
content of selected vegetables. Asia Pacific J.
Clinical Nutrition, 13(Suppl.), S162.

9. Azizah, A.H., K.C. Wee, O. Azizah and M. Azizah,
2009. Effect of boiling and stir frying on total
phenolics, carotenoids and radical scavenging
activity of pumpkin (Cucurbita oschato).
International Food Research Journal, 16: 45-51.

10. Vallejo, F., F.A. Tomas-Barberan and C. Garcia-
Viguera, 2003. Health promoting compounds in
broccoli as influenced by refrigerated transport and
retail sale period. J. of Agricultural and Food
Chemistry, 51: 3029- 3034.

11. Faller, A.L.K. and E. Fialho, 2009. The antioxidant
capacity and polyphenol content of organic and
conventional retail vegetables after domestic
cooking. Food Research International, 42: 210-215.

12. Lombard, K., E. Peffley, E. Geoffriau, L. Thompson
and  A.A.   Herring,  2005.  Quercetin  in  onion
(Allium cepa L.) after heat- treatment simulating
home preparation. J. Food Composition and
Analysis, 18: 571-581.

13. Ranganna, S., 1986. Handbook of Analysis and
Quality  Control  for  Fruit  and Vegetable Products.
2  Ed. Tata McGraw-Hill, New Delhi, India.nd



World Appl. Sci. J., 26 (6): 697-703, 2013

703

14. Gayathri,   G.N.,    P.    Kalpana,     P.     Jamuna   and 23. Hart, D.J. and K.J. Scott, 1995. Development and
K. Srinivasan, 2004. Influence of antioxidant spices evaluation of an HPLC method for analysis of
on  the  retention  of -carotene  in  vegetables carotenoids in foods and the measurement of the
during domestic cooking processes. Food Chemistry, carotenoid content of vegetables and fruits
84: 35-43. commonly  consumed  in  the  UK.  Food Chemistry,

15. Mc  Donald,  S.,  P.D.  Prenzler,  M. Autolovich and 54: 101-111.
K. Robards, 2001. Phenolic content and antioxidant 24. Re,  R.,  N.  Pellegrini,  A. Proteggente, M. Yang and
activity of olive extracts. Food Chem., 73: 73-84. C. Rice-Evans, 1999. Antioxidant activity applying an

16. Shyamala, B.N. and P. Jamuna, 2010. Nutritional improved ABTS radical cation decolorization assy.
content  and  antioxidant properties of pulp waste Free Radical Biology and Medicine, 26: 1231-1237.
from Daucus carota and Beta vulgaris. Mal. J. Nutr., 25. Oboh,  G.,  S.A.   Adefegha,   A.O.   Ademosun  and
16: 397-408. D. Unu, 2010. Effects of hot water treatment on the

17. Lee, S.K. and A.A. Kader, 2000. Preharvest and phenolic phytochemicals and antioxidant activities of
postharvest factors influencing vitamin C content of lemon grass (Cymbopogon citratus).Electronic J.
horticultural crops. Postharvest Biology and Environ. Agric. and Food Chem., 9(3): 503-513.
Technology, 20: 207-220. 26. Podsedek,  A.,  D.  Sosnowska,   M.   Redzynia  and

18. Vallejo, F., F.A. Tomas-Barberan and C. Garcia- M. Koziolkiewicz, 2008. Effect of domestic cooking
Viguera, 2002. Potential bioactive compounds in on the red cabbage hydrophilic antioxidants. Int. J.
health promotion from broccoli cultivars grown in Food Sci. Technol., 43: 1770-1777.
Spain. Journal of the Science of Food and 27. Lin, Ch.H. and Ch.Y. Chang, 2005. Textural change
Agriculture, 82: 1293- 1297. and antioxidant properties of broccoli under different

19. Davey,   M.W.,    M.    Van     Montagu,     D.   Inze, cooking treatments. Food Chemistry, 90: 9-15.
M. Sanmartin,  A. Kanellis and N. Smirnoff, 2000. 28. Puupponen-Pimia,   R.,   S.T.   Hakkinen,   M.  Aarni,
Plant L-ascorbic acid: Chemistry, function, T. Suortti, A.M. Lampi and M. Eurola, 2003.
metabolism, bioavailability and effects of processing. Blanching and long-term freezing affect various
J. the Science of Food and Agric., 80: 825- 860. bioactive  compounds  of vegetables in different

20. Yuan, G.F., B. Sun, J. Yuan and Q.M. Wang, 2009. ways.  J.  the  Science   of   Food   and  Agriculture,
Effects of different cooking methods on health- 83: 1389-1402.
promoting compounds of broccoli. J. of Zhejiang 29. Fanasca,  S.,  Y.  Rouphael, E.  Venneria,  E.  Azzini,
Univ. Sci., 10(8): 580-588. A. Durazzo and G. Maiani, 2009. Antioxidant

21. Francisco, M., P. Velasco, D.A. Moreno, C. García- properties of raw and cooked spears of green
Viguera and M.E. Cartea, 2010. Cooking methods of asparagus  cultivars.  Int.   J.   Food   Sci.  Technol.,
Brassica rapa affect the preservation of 44: 1017-1023.
glucosinolates, phenolics and vitamin C. Food 30. Roy, M.K., M. Takenaka, S. Isobe and T. Tsushida,
Research International, 43: 1455-1463. 2007. Antioxidant potential, anti- proliferative

22. De Sa, M.C. and D.B. Rodriguez-Amaya, 2004. activities and phenolic content in water-soluble
Optimization of HPLC quantification of carotenoids fractions of some commonly consumed vegetables:
in cooked green vegetables- Comparison of Effect   of     thermal   treatment.   Food  Chemistry,
analytical and calculated data. J. Food Composition 103: 106-114.
and Analysis, 17: 37- 51.


