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ABSTRACT

The contents of total phenols and some flavonoids, vitamin C and antioxidant
activity in freeze dried tissues of onion, cabbage, artichoke and sweet pepper in
relation to the effect of two thermal processing treatments i.e. blanching and
microwaving were studied. Vegetables were freeze dried after processing (more
than the fresh ones) before hydrolyzed and extraction. Total phenols content in
edible parts, was higher in sweet pepper but iower in onion. Thermal processing
induced lowering effect on total phenois (mg / 100g) in onion, however, the effect
by blanching exceeded those resulted from microwaving thermal treatment. Effects
on these compounds but towards decrease were observed with microwave treatment
in pepper and artichoke but in cabbage was increased. Meanwhile, blanching caused
an increase in total phenols of sweet pepper as well as cabbage while in artichoke
were slightly affected. The level of myricetin in cabbage exceeded those in onion and
not detected in artichoke and pepper. Concerning the level of quercetin, it was
obviously shown that sweet pepper the superior followed by artichoke and onion was
contained the leowest quantities, however, it was not detected in cabbage leaves.
Myriceten was sharply but negatively affected in cabbage leaves to be undetected by
blanching and slightly by microwave treatment. On yellow onion tissues, this active
material was quietly reduced by blanching and reversely responded by microwave
treatment. The quercetin in artichoke as well as sweet pepper increased
pronouncedly by blanching and also by microwave treatment but with a lower degree.

Sweet pepper fruits characterized by the highest percentages of vitamin C
followed by that in the leaves of cabbage and the lowest content was in bulbs of
onion. The highest effect of heat treatment was in onion followed by pepper and no
response with cabbage tissues. Blanching tissues at boiling water for 5 min.
decreased pronouncedly the level of vitamin C by 33.91, 53.85 and 2.70 % for
pepper, onion and cabbage, respectively, while exposure to microwave thermal
treatment decreased Vitamin C by 53.04 , and 69.23 % in sweet pepper and onion,
respectively, while, cabbage tissues did not show any response with this treatment.
The antioxidants activity were higher in pepper than the other tested vegetables. This
activity raised in all vegetables except pepper by blanching and microwave.
Keywords: Total phenols — Myricetin ~ Quercetin - Vitamin C - Antioxidant activity -

Thermal processing - Blanching - Microwave.- Onion - Artichoke -
Cabbage - Sweet pepper.

INTRODUCTION

Phenolic phytochemicals are diverse groups of secondary plant
metabolites and influence the sensory characteristics of food such as taste
and flavor. Phenolic phytochemicals possess various health benefits such as
antiproliferative, antimicrobial, anti-inflammatory and antioxidant effects
(Middleton, et al. 2000; Surh, 2002; Gunduc and El, 2003, Kim et al., 2003
and Kim et al., 2004), and are commonly found in both edible and inedible
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plants and they have been reported to have multiple biological effects.
{Shahidi et al., 1992 and Kuti and Konuru, 2004)

Although flavonoids generally are considered to be nonnutritive
agents, interest in these substances has arisen because of possible effects
on human health (Hertog, et al. 1992). Current research shows that these
flavonoids have antimutgenic and anticarcinogenic properties in experimental
animal studies (Francis, et a/.1989 and Deschner, et al. 1991).

Flavonols and flavones occur mainly in the leaves and outer parts of the
plants, while only trace amounts are found in parts of the plants below the soil
surface (Herrmann, 1988). In vegetables, quercetin glycosides predominant,
but glycosides of kaempferol, luteolin, and apigenin are also present.
Flavonoids were studied in pepper by Lee. et al. (1995), in onion by Nuutila,
et al.(2002), Marotti and Piccaglia (2002) and Shon et al. {2003), in Cabbage
by Kim, et al. (2004) and different vegetables and fruits by Ewaid, et a/.{(1999)
and Justesen, et al.(1998).

As a large number of different glycosides are present in foods, the
quantitative determination of individual flavonoid glycosides in vegetables and
fruits commonly consumed would be complicated. In addition, because of low
levels of individual flavonoid glycosides in foods ang the iimitations indicated,
completeness of hydrolysis and extraction. only analysis of the aglycons after
hydrolysis proved tc be a practical method for the quantitative determination
of flavonoids in food (Hertog, et al. 1992).

Although much remains to be learned about flavonoids content in different
foods, even less is known about the effect of processing on flavonoid content.
Ewald, et al. (1999) studied the effect of blanching, water cooking, microwave
and frying on flavonoids in onion, peas and green bean. Gayathn, ef al
{2004), studied the effect of pressure cooking and open boiling on onion,
amaranth and carrot. Agostini, et al. (2004) studied the effect of different
thermal processing on the antioxidant capacity of flavonoids in onion and
some fruits and Kaur and Kapoor (Z001) reported the importance of total
polyphenoils and other phytochemicals present in vegetables and fruits
implicated as antioxidants {(carotenoids, vitamin E and vitamin C) and the
improving of the anticxidant status of processed foods.

Therefore, this study was designed to investigate the efiect of some
thermal processing i.e. blanching and microwaving on the content of total
phenols, quercetin, and myricetin (flavonoids) and vitamin C in some
vegetables.

MATERIALS AND METHODS

Raw materials

Onion ( Allium cepa L), Sweat pepper (Capsicam annuum L}, artichcke
(Cynara scolymus L) and Cabbage (Erasssica oleracea var capitata L ) were
purchased from the loca} market in Giza Governorate.

Thermal processing

The edible parts of every vegetable were cleaned, washed and chopped in
a food processor, divided for three parts, the first part was the fresh
vegetables used as a reference sample. The second part of samples was
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blanched in a vessel for 5 min in the presence of water and the third part of
samples were subjected to microwave oven in a vessel! containing water for
5 min.

Sample preparation

After the two heat treatments samples were cooled in ice water and
frozen in a flow -freezer. The three frozen samples were moved to a freeze-
dryer and lyophilized then ground and stored at -18 <C until analysis. The
samples used for vitamin C determination did not freeze dried.

Determination of total phenols

Samples were analyzed spectrophotometrically for the content of total
phenolic compounds using a modified Folin- Ciocalteu colorometric method
(Singelton. et al, 1999) .UV-160PC, UV-Visible spectrophotometer
SHIMADZU, Japan was used for reading samples and stander material.

Determination of flavonoids
Extraction and hydrolysis

The standard procedure for hydrolysis and extraction of flavonoids from
vegetables was as follows: 40 mL of 62.5 aqueous methanol was added to
0.5 g of freeze-dried sample material, 10 mL of 6 M HCL was added with
careful mixing. The extraction solution thus obtained consisted of 1.2 M HCL
in 50 % aqueous methanol (v/iv). After refluxing at 90 -C for 2 hours with
regular swirling, the extract was allowed to cool and was subsequently made
up to 100 mL with methanol and sonicated for 5 min to remove oxygen before
injection. Approximately 2 mL was filterated through a 0.45 um filter for ornic
solvent (Acrodisc CR PTFE, Gelmn) prior to injection (Hertog, et al. 1992 and
Ewald, et al. 1999).

Standards

The two flavonoids used as standards were flavonols, quercetin, and
myricetin from Fluka. The standards were dissolved in methanol to a
concentration of 500 pg mi*-1 as stock solution and stored at 4 -C.
Calibration with concentrations between 0.1 and 25 pg mi*-1 were prepared
by diluting an aliquot of the stock solution with 20 ml 62.5 % aqueous
methanol with 2 mg mi*-1 of the antioxidant tert-butyl hydrogquinone (TBHQ)),
5 mi 6 M HCL and methanol up to 50 m{ (Ewald, etal. 1999).

Determination

Samples were analyzed using SHIMADSU LC-4A. Separation were
carried out using a reversed phase column (250 f 46 mm). The mobile phase
consists of 30 % of acetonitrile in 0.025 M KH,P0, (pH 2.4) with flow rate of
1.3 min (Ewald, et al. 1999). Flavonoids were monitored at a wavelength of
340 nm.

Ascorbic acid (Vitamin C)

Ascorbic acid content was determined in fresh and processed samples
of cabbage, onion and sweet pepper by using 2-6 dichlorophenol indophenol
dye and 3 % oxalic aci¢ as a substrate. Ascorbic acid was calculated as
milligrams per 100 milliliters of juice (A.O.A.C., 1995).
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Antioxidants activity

Antioxidant activity was determined according to the method
described by Lee, et al. (1995) how used the method of Tega et al.(1984)
with some modifications in which antioxidant activity was expressed as %
inhibition relative to the control.

RESULTS AND DISCUSSION

The content of total phenols, some flavonoids, ascorbic acid and
antioxidant activity of these compounds were determined in some vegetables
tissues i.e. onion, cabbage, artichoke and pepper, also the effect of blanching
and microwaving on these compounds was studied. The results are
presented as follows:

Total Phenols

Total phenols content of the edibie parts of vegetables used in this
work were illustrated in Table (1) and Fig.(1).Total phenols content, the
higher was in sweet pepper and the lower was in onion (after removing the
outer layers) and for cabbage and artichcke were in between but the values
of these two vegetable crops were 146.2 and 140.4 mg/100g and without
significant difference.

Table (1): Effect of thermal processing on total phenols of some
vegetables {(mg/100g).

j;’:’;’;;‘l Onion | Artichoke | Cabbage ;:;I);eetr Mean
Raw 854 140.2 121.2 396.1 168.2

| Blanched 65.5 165.2 161.5 418.7 202.7
Microwave 72.9 133.1 138.6 2914 159.0
Mean 74.6 146.2 140.4 345.4

L.S.D. at 5% for: species: 35.346I Thermal processing: N.S Interaction: N.S

The effect of thermal processing and total phenols content was
presented in Table (1). Thermal processing induced lowering effect on total
phenols (mg / 100g) in onion, however, the effect by blanching exceeded
those resulted from microwave thermal treatment. Furthermore, effects on
these compounds, but towards decrease, were observed with microwave on
pepper and artichoke and towards increase in the case of cabbage.
Meanwhile, blanching showed an increase in total phenols of sweet pepper
as well as cabbage while these active materials in artichoke were also
affected. Jianmei-Yu, et a/.(2005)studied the effect of processing methods on
concentration and antioxidant activity of peanut skin phenolics and found that
blanching caused a significant loss of total phenols. However, Kuti, et a/
(2004) revealed that the total phenolic and antioxidant capacity was much
higher in raw fresh leaf extracts than that in cooked leaf extracts. Meanwhile,
Dewanto, et al. (2002) noticed that there were no changes in total phenols in
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tomato with thermal treatment at 88 <C. Nevertheless, Chism and Haard,
(1996) found that phenolic acids occur in plants as metabolic intermediates
and they also accumulated in vacuoles. Thermal processing may release
more bound phenolic acids from breakdown of cellular constituents and this
may be intern as increase of phenolic compounds by thermal processing.

Flavonoids

Flavonoids can play a great role as metal chelators and reducing agents,
as chain-breaking antioxidants, as scavengers of reactive oxygen species
and as quenchers of the formation of singlet oxygen (Kandasawami and
Middleton, 1994). Plant use flavonoids for protection against oxidative
damage by inhibiting or quenching free radicals and reactive oxygen species
{Larsen, 1988).

Myricetin and quercetin contents in artichoke, cabbage, onion and sweet
pepper represented (as mg /100 g DM) are presented in Table (2). In fresh
samples the level of myricetin in cabbage exceeded than that in onion and
not detected in artichoke and pepper. Concerning the level of
quercetin, generally, it was obviously shown that sweet pepper contained
the highest content followed by artichoke and onion was contained the lower
quantities, however, it not detected either fresh or processed cabbage leaves.
Teresa et al (2000) stated that total flavanol contents varied from non
detectable in most of vegetables to 184 mg/100g found in samples of broad
bean.

—0—7 -— On]or: A—I— A Arinc;\o_ke —&— Cabbage —e— Sweet peppil

Total phenols mg/100g'

Raw Blanched Microwave

‘ ’i’he rm aTs treatm ernitisi '

Fig (1): Effect of thermal processing on total phenols of some
vegetables (mg/100g).
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Marotti and Piccaglia (2002) estimated flavenoids yield in different onion
varieties and mentioned that it ranged from 1.13 t0 5.23 g/m2 Justesen, et al.
(1998) determined the different flavonoids in vegetables and fruits and they
found that on red onion, spring onion and yellow onion contained 45+21,
18+12 and 347 mg/100 g quercetin, respectively, while green sweet pepper
contained 0.5 mg /100 g, meanwhile this compound not detected in red sweet
pepper and yellow sweet pepper. Ewald, ef al. (1999) reported 41 mg/100g
quercetin in onion. Hertog, et al. (1992) in different vegetables and in four
periods from April, 1991 to April, 1992, noticed that quercetin in onion tissues
was 347165 mg / 100 g and in red cabbage was 6+1.1 mg/100g but not
detectable in green cabbage. Franke, et al. (2004) found that myricetin
ranged from 0.4 to 12.0 mg/kg and quercetin ranged from 0.2 to 4.0 mg/kg in
yellow and red cabbage. However, quercetin ranged from 0.4 in yellow onion
to 38 in red onion and from 0.2 in pak choi to 4.0 mg/kg in red cabbage.

Table (2): Effect of thermal processing on myricetin and quercetin of
some vegetables (mg/100g).

Species Thermal processing Myricetin Quercetin
_____________ Raw | 268 [ 545
Onion | . Blanched {2153 (. ND |
Microwave 36.55 84.23
............. Raw . |..621 [ . ND
Cabbage | . Blanched . L ND U ND ]
Microwave 56.4 N.D
_____________ Raw T ND [ 136
Artichoke | Blanched [ TTND 4789 T
Micrcwave N.D 21.80
swoet Raw | ] ND [ 157.88
pepper  |eeeeons Blanched [ ND_ 30001
Microwave N.D 170.35

Myricetin and quracetin flavcnoids responded differently to the type
of heat treatment and in what crop were measured. Myricetin was negatively
and sharply affected in cabbage leaves which disappeared completely by
blanching and slightly affected by microwaving treatment. On yellow onion
tissues this active material was quietly reduced by blanching and reversely
responded by microwave thermal treatment. The quercetin in artichoke as
well as sweet pepper increased pronouncedly by blanching and, also by
microwave heat treatment but with a lesser degree.

The effect of thermal processing on phenols and antioxidants in
vegetables and fruits were studied by some authors. Biga, et al. (2003) found
that drying fresh plums at 85 — 95 °C for 18 hrs destroyed anthocyanins and
significantly reduced flavonoids. Franke, et al. (2004) determined ascorbic
acid and flavonoids i.e. the major dietary flavones, flavonols, flavonones and
anthocyanidins and indicated that storage and processing, especially when
heat was applied, led to significant iosses of all these compounds. This may
be attributed to effect of heat in pathway of flavonoids or enzymes activity
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worked in it (Chism and Haard, 1996 and Dewanto, et al 2002). On the other
side, for the view in which thermal treatments raised the content of
flovonoids. Dewanto, et al. (2002) indicated that thermal processing may be
enhanced the nutritional value of tomatoes by increasing the bioaccessible
lycopene content and total antioxidant activity and are against the notion that
processed fruits and vegetables have lower nutritional value than fresh
products. Kuti, et al. (2004) demonstrated that the predominant flavonoid,
increased by = 23 % in the cooked leaf samples when compared to the raw
leaf samples of spinach. Kaur and Kapoor (2001) support the hyposis's of the
improving of the antioxidant status of processed foods.

Ascorbic acid (Vitamin C)

Data recorded in Table (3) show the levels of vitamin C in the
different vegetable crops i.e. sweet pepper, onion, and cabbage. For fresh
samples, sweet pepper fruits characterized by the highest percentages of
vitamin C followed by that in the leaves of cabbage and the lowest
percentage was in bulbs of onion. Lee, et al. (1995) mentioned that peppers
are a good source of vitamins C, and as consumption increases, pepper may
contribute notable amounts of vitamins A and C and flavonoids to the diets.
Franke, et al. (2004) pointed out that vitamin C ranged from 188 to 283 mg/kg
and in yellow onion ranged from 42 - 84 mg/kg.

Table (3): Effect of thermal processing on vitamin C content of some

vegetables (mg/100mL).
Thermal . Sweet
processing _ Onion Cabbage pepper Mean ]
Raw 15.6 44 4 276.0 112.0
Blanched 7.2 432 182 .4 77.6
Microwave 4.8 44 .4 129.6 59.6 |
Mean 9.2 44.0 196.0
L.S.D at 5% for: species: 26.16 Thermal processing: 7.11 Interaction: 12.37

Table (3} and Fig.(2) show the effect of thermal treatments on the
content of vitamin C in tissues of some vegetables.. Vitamin C was
responded negatively to the thermal processing. Data also, revealed that the
highest effect of blanching treatment was in onion followed by pepper and
approximately with no response in cabbage tissues in comparable with that in
fresh samples. Microwave treatment exerted relatively the same response but
in great degree. Howard, et al. (19%4) concluded that ascorbic acid in
peppers varies according to maturity and processing. Puuponen, et al. (2003)
revealed that up to one-third of vitamin C content was lost during blanching.
Wong, et al. (2003) stated that ascorbic acid and anthocyanins can be easily
destroyed during processing. Canet, ef al. (2004) mentioned that more
ascorbic acid retained when sampies were stir-fried than when they were
boiled. This means that not only the heat degree or time of exposure affected
vitamin C but also by the method of cooking. Franke, et al. (2004) also,
observed the reduction of ascorbic acid content in cabbage and yellow onion
by cooking.
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L—o— Cabbage ——Onion —A— Peppe:-l
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{ Thermals treatments I

Fig (2): Effect of thermal processing on vitamin C content in some vegetables.

Data in Table (3) show the effect of thermal treatments on ascorbic
acid content of different vegetable crops. Blanching tissues in boiling water
for 5 mins decreased pronouncedly the level of vitamin C by 33.91, §3.85 and
2.70 % for pepper, onion and cabbage while subjection to microwave
thermal treatment decreased Vitamin C by 53.04 , and 69.23 % for sweet
pepper and onion, respectively, while, cabbage tissues did not show any
response with this treatment. Losses of vitamin C occurred primarily by
chemical degradation that involved oxidation of ascorbic acid to dehydro-
ascorbic acid (DHAA), followed by hydrolysis to 2,3-diketogulonic acid and
further polymerization to form other nutritionally inactive products (Gregory,
1996). Furthermore, Thudnatkorn-Jiratanan and Rui-Hai-Liu (2004)
emphasized that antioxidative activity of beets processed under typical
commercial conditions remained constant, despite an 8% loss of vitamin C
and there was a slight but significant 5% increase in the total phenols present
in processed beets. In green bears, vitamin C content remained constant,
whereas, phenols and antioxidative activity reduced by 32 and 20%,
respectively.

Belesten (2001) discussed the health benefits associated with
consumption of fruits and vegetables together with the potential physiological
effects of various plant components. He concluded that these were done
through the epidemiological evidence linking high intake of fruits and
vegetables with increased protection against disease; phytochemicals
(carotenoids, glucosinolates and flavonoids) with potential protective effect
and role of these components in the protection of DNA against oxidative
damage of free radicals.
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Antioxidant activity

Free radicals have been reported to do oxidative damages of
biological systems, which cause human degenerative diseases such as
cancer, heart disease and Alzheimer's disease (Kim, et al. 2004).Yu, et al.
(2002) emphasized that a balance between formation and removal of reactive
oxygen species or radicals is required to maintain normal physiological
functions for human health. Many authors reported a benefical effect of
cooking on antioxidants ( Kaur and Kapoor, 2001, Dewanto, et al., 2002 and
Piga, et al. 2003)

The antioxidant activity in different freeze dried vegetables i.e. onion,
cabbage, artichoke and pepper and its response to thermal processing was
presented in Table (4).( Antioxidant activity was determined using B-carotene
and linoliec acid, the activity expressed as % inhibition relative to the
control).Antioxidant activity in fresh samples (raw) showed that it
approximately equal in cabbage, onion and artichoke but higher in pepper.
Tomas-Berberan and Espin (2001), Howard, et al(2002) and Kuti and
Konuru (2004) reported that, genetic makeup appears to play an important
role in phenolic metabolism and antioxidant capacity in fruits and leaf green
vegetables.

In general, thermal treatment caused an effect on antioxidant activity -
as shown in Table (4). The general mean of thermal methods values
indicated that blanching and microwaving slightly higher in its effect on
antioxidant activity. Sluis et a/ (2004) stated that previous research has
shown that conventional apple juice processing resulted in a juice poor in
flavonoids and with low antioxidant activity. Thudnatkorn and Lui (2004)
pointed out that in green beans, vitamin C and dietary folate content remain
constant whereas phenols and antioxidative activity were reduced by 32 and
20 %.They added that antioxidative activity of beets processed under typical
commercial conditions remained constant despite an 8% loss of vitamin C
and 30 % loss of dietary foliate. However, Chu, et al. (2000) mentioned that
blanching for 30 to 60 s allowed retention of flavonoids and free radical
scavenging activity. On the other hand, Piga, et al. (2003) demonstrated that
drying at 85 °C doubled antioxidants activity in both cultivars of plumbs, while
condtradictory results were found for 60 °C processed plumbs. Dewanto, et
al. (2002) showed that lycopene content and totai antoxidant activity
significantly increased with thermal processing despite the nonsignificant
changes in the total phenolic and total flavonoid contents and the decline in
vitamin C content in heat-processed tomatoes.

Table (4) : Effect of thermal processing on anticxidant activity in some

vegetables (%)
L:::;";?{:&T Onion Artichoke | Cabbage Pepper | Mean’
Raw 46.51 41.32 44,98 64.51 49.33
Blanching 54.21 47.55 63.91 50.31 53.25
Microwave 5§9.22 51.25 55.15 49.33 53.74
Mean | 53.31 46.71 54.65 54.72
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The interaction effect of species differences and thermal treatments
in antioxidant activity were recorded in Table (4). Data cleared that blanching
increased this activity in cabbage, onion and artichoke. The increment in
onion and artichoke approximately equal. On reverse, this thermal treatment
depressed clearly the antioxidant activity in pepper.

Dewanto, et al. (2002) indicated that thermal processing my be
enhanced the nutritional value of tomatoes by increasing the bioaccessible
lycopene content and total antioxidant activity and are against the notion that
processing fruits and vegetables have lower nutritional value than fresh
produce.. Kaur and Kapoor (2001) support the hypnosis’s of the improving of
the antioxidant status of processed foods.

The varied response of antioxidant activity may be attributed to the
different correlations with antioxidants attributes. In this concern, in spite of
that mentioned by: Care, et al.(2004) revealed that the antioxidant capacity,
moreover, was clearly correlated with the ascorbic acid content rather than
with the presence of flavanone glycosides. Yamaguchi, et al.(2003)
concluded that the decrease of activity in broccoli depended on the oxidation
of ascorbic acid by ascrobate oxidase. None of these compounds decreased
after the enzymes had been inactivated by heating. Lee, et al. (1995) stated
that phenolic compounds including pepper flavonoids can contribute to
antioxidant activity. Neverthless, Dewanto, et al. (2002) noticed that this may
be due to the additive and synergy effects of other phytochemicals such as
phenolic and fiavonoids. Moreover, Chism, et al. (1996) observed that
thermal processing may release more bound phenolic acids from the
breakdown of cellular constituents. Aithough disruption of cell walls also
release the oxidative and hydrolytic enzymes that can destroy the
antioxidants in fruit and vegetables. Thermal processing at 88 °C deactivates
these enzymes to void the loss of phenolic acids.

Conclusion

The effects of thermal processing vary with vegetable type and
reinforce the concept that optimal health benefits may be achieved when a
wide variety of plant foods and preparation methods are incorporated into the
diet. This due to the variation in response in phytochemicals which increased
in some vegetables and decreased in others as a response to thermal
processing. Moreover, In spite the depressive effect in vitamin C, cooking had
a beneficial effects. This subject also open up more opportunities for the food
processing industry.

REFERENCES

Agostini, L.R; Moron-Jimenez M.J; Rmon AN. and Ayala-Gomez
A.(2004). Determination of the antioxidant capacity of flavonoids in
fruits and fresh and thermicaly treated vegetables. Archivos-
Latinoamicanos — de - Nutricion. 54(1): 89 — 92.

A.O.A.C. (1995). Official Methods of Analysis of the Association of Official
Methods Analytica Chemists. 15™ Ed. Washington DCUSA.

Belsten, J. (2001). The protective factors of fruit and vegetables. Food
Technol. Inter. 10: 12 — 14.

6864



J. Agric. Sci. Mansoura Univ., 30 (11), November, 2005

Biga, A.; Caro, A.D and Cordo, G. (2003). From plums; influence of drying
parameters on polyphenols and antioxidant activity. J of Agric. And
Food Sci, 51(12): 3657 — 3681.

Canet, W.; alvarez, M.d; Luna, P. and Fernandez, C. (2004). Reprocessing
effect on the quality of domestically cooked (boiled/stir-fried) frozen
vegetables. Europian Food Res. and Technol., 219(3): 240 - 250.

Care, AD., Piga, A; Vacca, v. and Agabbio, M. (2004). Changes of
flavonoids, vitamin C and antioxidant capacity in minimally processed
citrus segments and juices during storage. Food Chem., 84(1). 99 -
105.

Chism, G.W. and Haard , N. F.(1996). Characteristics of edible plant tissues.
In Food Chemistry, 3™ Ed. Fennema, O.R., Ed.; Dekker: Nee York pp.
943 - 1011.

Chu, Y.H: Chang, C.L and Hsu, H.F. {(2000). Flavonoid content of several
vegetables and their antioxidant activity. J. of Sci. and Food and Agric.,
80(5): 561 — 566.

Deschner, E.E.. Ruperto, J.; Wong, G, Newmark, H.L.(1991). Quercetin and
rutins  inhibitors of azoxmethanol-induced colonic neoplsia.
Carcinogensis, 7: 1183 - 1196.

Dewanto, V., Wu, X, Kapui, K and Liu, R.H (2002). Thermal processing
enhances the nutritional vaiue of tomatoes by increasing total
antioxidant activity. J. of Agric and Food Chem., 50: 3010 - 3014.

Ewald, C.; Modi, S.F.; Johnsson, K., Sjoholm, i. and Akesson, B. (1999).
Effect of processing on major flavonoids in processed onions, green
beans and peas. Food Chem.. 64: 231 — 235,

Francis, A.R. Shetty, T.K.; Bahattcharya, R.K. (1989). Modifying role of
dietary factors on the mutegenicity of afiatoxin Bi: In vitro effect of piant
flavonoids. Mutat. Res.. 222(4). 393 - 401.

Franke, A.A.; Custer, L.J.Arakake, C and Murphy, S.P. (2004). Vitamin C
and flavonoid levels of fruits and vegetables consumed in Hawii.J. of
Food Composition and Analysis, 17(1); 1 - 35.

Gayathri, A.; Batel. K Prakash, J. and Srinvasan, K.(2004). Influence of
antioxidant spices on retention of p-Carotene in vegetables during
domestic cooking process. Food Chem., 54: 35 - 43.

Gregory. J.F. (1996).Vitamins. In Food Chemistry 3" Ed., Dekker: New York,
pp. 531 -~ 616.

Gunduc. N. and El, S.N. (2003). Assessing antioxidant activities of phenolic
compounds of common Turkish food and drinks on in vitro low-density
lipoprotein oxidation. J. Food Sci., 68: 2591 - 2595,

Hertog. M.G.; Hollman, C.H. and Venema, D.P. (1992). Optimization of a
Quantitative HPLC determination of potentially anticarcinogenic
flavonoids in vegetable and fruits. J. Food Chem., 40: 1581 - 1598.

Herrmann, K.{1988). On the occurrence of flavonol and flavone glycosides
in vegetables. Z. Lebensm. Unters. Forsch., 186: 1 ~ 5.

Howard L.R., Smith, R T, Wagner, A.B; Vilialon, B. and Burns, E.E.
{1994).Provitamin A and ascorbic acid content of fresh pepper cultivars
(Capsicum annuum L.} and processed jalapenos. J. Food Sci., 59: 362
- 365.

€465



J. Agric. Sci. Mansoura Univ., 30 (11), November, 2005

Shahidi, F.; Janitha, P.K. and Wanasundara, P.D.(1992). Phenolic
antioxiodants. Crit. Rev. Food Sci. Natur., 32: 67 ~ 103.

Shon, M.Y; Choi, S.D,; kahng, G.G.; Nam, S.H. and Sung, N.J.(2003).
Antimutagenic, antioxidant and free radical scavenging activity of ethyl
acetate extracts from white yellow and red onions. Food and Chemical
Toxicology, 42(4): 659 — 666.

Sluis, A.A.; Dekker, M.; Skrede, G and Jongen, W.M. (2004). Activity and
concentration of polyphenolic antioxidants in apple juice 2 — Effect of
novel production methods. J. of Agric. and Food Chem., 52(10); 2840 —
2848.

Singelton, V.L.; Orthofer, R. and Lamuela-Raventos, R.M. (1999).
Analaysis of total phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu reagent. Metheds Enzymol.
299: 1562 - 178.

Surh, Y.. (2002). Anti-tumor promoting potential of selected spice
ingredients with antioxidative and anti-inlffammatory activites a short
review. Food Chem. Toxicol., 40: 1091 — 1097.

Tega, M.S.; Miler, E.E. and Pratt, D.E. (1984). Chia seeds as a source of
natural lipid antioxidants. J.Amer. Oil Chem. Soc.61: 928 — 931

Teresa, P.S.; Buelga, S.C. and Gonxalo, R.J. (2000). Quantitave analysis of
flavan-3-ols in Spanich foodstuffs and beverages. J. of Agric. And Food
Sci., 48(11): 5331 - 5337.

Thudnatkorn-Jiratanan and Rui_Hai_Liu. (2004). Antioxidant activity of
processed table beets (Beta vuigaris var. Conditiva) and green beans
(Phasolus vulgaris L.). J. of Agric. And Food Chem., 52(2). 2659 -
2670.

Tomas-Bareran, F. A. and Espin, J.C. (2002). Phenolic compounds and
related enzymes as determinats of quality in fruits and vegetables. J.
Sci. Food Agric., 81, 853 —- 876.

Wong, P.K.; Yousf, S. and Ghazali, H.M. (2003). Optimization of hot water
extraction of rosella juice using response surface methodology; a
comparative study with other extraction methods. J. Sci. Food and
Agric.,  83(12): 1273 -1278.

Yamaguchi, t.; Katauda, M; Oda, Y.; Terao, J.; Kanazawa, K.; Oshima, S.;
Inakuma, T.; Ishigura, Y, Takamura, H and Matoba, T. (2003).
influence of polyphenol and ascorbate oxidases during cooking
process on the radical-scavening activity of vegetables. Food Sci. and
Technol. Res., 9(1): 79 - 83.

Yu, L.; Perret, J.; Davy, B.; Whson, J. and Melby, C.L. (2002). Antioxuidant
properties of cereal products. J. of Sci., 67(7): 2600 — 2603.

6866



El-Faham, Sawsan Y.

Howard, L.R.; Pandjaitan, N.; Morelock, T. and Gil, M.1.(2002). Antioxidant
capacity and phenolic content of spinach as affected by genetics and
growing season.J. Agric. Food Chem., 50, 5981 — 5896.

Jianmei, Yu; Ahmedna, M. and Goktepe, |. (2005). Effects of processing
methods and extraction solvents on concentration and antioxidant
activity  of peanut skin phenalics. Food Chem., 90(1-2): 199 — 206.

Justesen, U.; Knuthsen, P. and Leth, T. (1998). Quantitative analysis of
flavonols, flavones, and flavenones in fruits, vegetables and beverages
by high performance chromatography with photo-diode array and mass
spectrometric detection. J. of Chromotography A, 799(1-2): 101 - 110.

Kandasawami, C and Middleton, Jr.E. (1994). Free radical scavenging and
antioxidantactivity of plant flavonoids. In D. Armestrong(Ed.) Free
Radicals in Diagnostic Medicine. Pp.351 — 376, New York, Plenum
press.

Kim, D.O.; Lee, KW; Chun, OK,; Lee, HIl and Lee, C.Y. (2003).
Antiproliferative activity of polyphenolics in plums. Food Sci.
Biotechnol., 12: 399 — 402.

Kim, D.O.; Zakour, O.l. and Gaiffiths,” P.D. (2004). Flavonoids and
antioxidant capcity of various cabbage genotypes at juvenile stage. J.
Food Sci., 69(9): C685-C689.

Kaur, C. and Kapoor, H.C. (2001). Antioxidants in fruits and vegetables- the
millenniums'’s health. Inter. J. of Food Sci. and Technol., 36(7): 703 -
725.

Kuti, 0.J. and Konuru, H.B. (2004). Antioxidant capacity and phenolic
content in leaf extracts of tree spinach (Cnidoscolus ssp. ) J.Agric. and
Food Chem., 117 - 121.

Larsen, R.A. (1988). The antioxidants in higher plants. Phytochemistry, 27:
969 ~ 978.

Lee, L.R; Howrd, L.R. and Villalon, B. (1995). Flavonoids and antioxidant
activity of fresh pepper (Capsicum annuum L) cultivars. J. Food Sci.,
60(3):473 - 476.

Marotti, M. and Piccaglia, R. (2002). Characterization of flavonoids in
different cultivars of onion (Allium cepa L.). J. Food Sci., 67(3): 1229 —
1232.

Middleton, E.; Kandaswami, C and Thecharides, T.C. (2000). The effect of
plant flavonoids on mammalian cells: implications for inflammation,
heart disease and cancer. Pharmacol Rev., 52: 673 - 751.

Nuutifa, .M.; Kammiovirta, K. and Cldentey, K.M. (2002). Comparison of
methods for the hydrolysis of flavonoids and phenolic acids from cnion
and spinch for HPLY analysis. Food Chem., 76(4): 519 - 525.

Piga, A.; Caro, AD and Corda, G. (2003). From plumbs to prunes: influence
of draying parameters on polyphenols and antioxidant activity. J. Agric.
and Food Chem., 51(12): 3675 — 3681.

Puuponen, P.R.; Hakkinen, S.T.; Aarni, M.; sourtti, T.Lamopi A.M; Eurola, -
M, Pilronen, V.; Nuutila, A.M. and Caldentely, K.M. (2003). Blanching
and long-term freezing  affect various bioactive compounds of
vegetables in different ways. J. Sci. of Food and Agric., 83(14). 1389 -
1402.

6867



El-Faham, Sawsan Y.

Oy 98l 9 o yall g Y gl JS (¢ shaall Jo 4 el cllateal ol
Q‘JJ&!M@SW\LW"GWU&EJ

?L;m .\A;‘&Juxouy

A all e Ay ggean—d uadi= Bal = Sl e gl S ali- A il cleliall aud

ey Saall g (BLL A ) el Alalaall A0 Ay Chagy Al pall 838y el -
e Sy Jeal alie 8 52uSY) Claliae g il SN iamy p Y gndll KI5 sl
Gl L) e Alabaal g a el Cligall (8 7 Cpalid )08 LaS Sadanall Jilill y g 201
1) gl & yedal y Wiyt Jaaaall 5 i S

i) B ailS Y Ly il A oolS A Slall o al 8 Y gl e A el
Bl AN Sy Jea i Asdl 8 Y gl (g das A Gmliadl I &yl el dlalaall
33 e 3a50a. & et I Clalaall 3308 o LS iy Saall Alalae (e Sl Ll Alalaay
U b odl ) oSl sl yadly Jalill 8 iy g Saadl Alalas go (alaTY1 oladl (85 LS sl
—e il Sty o SHy Jalil 8 IKH Y il 5ol D Gladl g LS LG S
Sl e S (8 ek of Wiy ) 8 i ST (g Oyt a5 gl 915 OB g 3
PR S ONEN U PE-JEUE MR PR U WO S I S N 1 R R
: e BpaS Ji e (g i

i LAY A ol i S 35 508 da oy Lo o pall 36 1 st Bl lasiind
oSy (Bl S pall 13a 81 Joaadt Aol (8 iy g ySaall Aalas pladiuly S SN S
Aoy Jili g Gl Al (e JS (8 oo oSl A p i g pSaal oot die dpule dlaiuY)
Ay (s Cin s Saall Alalae XSy (Blalt Alalaay dus gale

GOS8 Joa Ll i S AL = Cpeld (e dand et o D gialy il e il
Jlil A Jeadh Az opelid Ao 31 all 36 el S, Cpaliadl 1 e Tl gial Llil
o= B8 0 sadl il clall 8 Bladl s Lcai S Aa 8 S35 s S ol Leiy
Sl e IS A% YV 5% 0F,A0 % TYLAY Dby Cpelid dpeS g1 jaS Lada
CilS iy Sl pladiuly (el (A GaliasY) L Laty (Dl e i Sy Juadl
Sl e o Sadopa b Al o Jeadly Jilil o JS 8% 19,77 (% oY,
ot )SI Al 8 A5 HE Aalaa ) pilalaall G DAY

1aa adijf .5 iaall Sl g piaddl 4y o JAli (8 Ladl ye OIS 530SV Cloliae Lol
kg Sl g Bhadl dlalaay Jalil) laete 5 jidiall G g jezddl S8 LS

6868





