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ABSTRACT

Different pretreatments before freezing and
frozen storage for 3 and 6 months of some vegeta-
bles namely jew’s mallow, green beans and okra as
well as cold storage at 5+1°C and 90-95%RH were
investigated pertaining the effect of these treat-
ments on natural antioxidants as free radical scav-
enging. Results showed that the total phenolics
and flavonoids were increased after cold storage
at5+1°C for 8 days while ascorbic acid and carote-
noids contents were decreased. A. slight decrement
was observed in both tcial phenolics and flaven-
oids as a result of blanching by steam for Smin
comparing to blanching in boiling water for
3.5min. At the same time the percents of ascorbic
acid and total carotenoids were higher with steam
blanching comparing with blanching in boiling
water. Extraction of all processed samples showed
different decreases in all natural antjoxidants after
frozen storage for 3 and 6 months. Results also
revealed that the highest free radical reduction
showed with cold storage at5+1°C and 90-95%
RH while blanching by boiling water gave the
lowest free radical reduction.
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INTRODUTION

The effect of pretreatments of vegetables on
the components for either preservation or storage
was studied by many investigators. Some of these
components are concerning with natural antioxi-
dants such as polyphenols, flavonoids and carote-
noids which are loss during different processing
correlated by different pretreatment techniques.
These compounds are affected on the free radicals
which can cause damage to cellular bio-molecules
such as nucleic acids, enzymes, proteins, lipids
and carbohydrates and consequently may ad-
versely affected to immune functions (Nilsson et
al 2004). Recently, a number of studies on the
health benefits associated with natural compounds

‘have been demonstrated including phenolics in

fruits, vegetables, herbs and spices possess effec-
tive antioxidant, anti-inflammatory, antimutagenic
and anticarcinogenic activities (Jayaprakasha er
al 2007). On the other hand Rangkadilok et al

- (2007) reported the protective effects of fruits and

vegetables against chronic diseases have been at-
tributed to the antioxidant properties of some sec-
ondary metabolites present in these foods. Also,
plant polyphenols have been reported to exhibit
bioactive properties and in particular antioxidant
activities. The content of polyphenols as antioxi-
dant activities and the intake quantities of poly-
phenols are estimated by Thu et al (2004). Holl-
man & Katan (1999) and Nijveldt er a/ (2001)
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declared that the polyphenols are abundant anti-
oxidant in our diets and may protect the tissues in
the body against oxidative stress and decrease the
risk of cardiovascular diseases. Many flavonoids
are found to be strong free radical scavengers and
antioxidant (Robak & Gryglewski 1988). More-
over Carotenoids are the importance nutritional
antioxidants which have been recognized possible
role in the prevention of human diseases. During
normal processing including blanching or storage
of vegetables usually caused to distinct loss in
these components i.e carotenoids, resulting in a
significant quality decrease (Ramesh ef a/ 1999).

The aim of this investigation was to study-
ing the highest free radical scavenging activities of
fresh vegetables such as jew’s mallow, okra and
green beans comparing with different blanching
methods and storage conditions. Moreover, the
effect of blanching by either dipping in boiling
water or exposure to steam under normal pressure
as well as cold and frozen storage for 3 and 6
months after being blanched by steam on the con-
tent of natural antioxidant activities such as poly-
phenols, flavonoids, ascorbic acid and carotenoids
were studied.

MATERIALS AND METHODS

_The various vegetables namely jew’s mallow
(Corchorus olitorius L.), okra (Hibiscus esulen-
tus.L).and green beans (Phaseolus vulgaris L.)
were obtained from local markets.

Okra and green beans were prepared by cutting

to pieces ~lcm whereas Jew's mallow was finely
chopped by kitchen machine. Blanching of these
samples were achieved by two methods as fol-
lows: 100 grams of these samples were blanched
by boiling water for 3.5min., while other 100
grams was blanched by steam under normal pres-
sure for Smin., these periods of exposure were
found to be enough to inactivate the oxidative en-
zymes (Wasef ef al 1994). The blanched samples
were cold and packaged in polyethylene bags be-
fore frozen and stored at —18°C then drawn peri-
odically to be chemically analyzed after 3 and 6
months periods. Other fresh samples were pre-
served in refrigerator at 5+1°C and 90-95% RH for
8 days before analysis and fresh samples were
analyzed as control.

2,2-dipheny!-1picryliydrazyl (DPPH) was
purchased from Sigma Co. and used for determi-
nation of total antioxidant activity.

Total phenolics were estimated by using
photometric method with folin’s reagent as re-

ported by (AOAC 1970). Flavonoids were ex-
tracted and determined according to Zhuang et al
(1992). While carotenoids and ascorbic acid were
determined according to (AOAC 1990).

Totz! antioxidant activity

Total antioxidant activity was determined ac-
cording to the method of Brand-Williams et a/
(1995) and modified by Zhang & Hamauzu
(2004) as follows:

Ten grams of fresh or processed of jew’s mal-
low, okra and green beans were homogenized with
15 mL of 80% methanol. The homogenate was
filtered through four layers of cheesecloth and the
residue was treated by adding with 15 mL of 80%
methanol for two successive extractions. The fil-
trates were combined and centrifuged at 4000xg
for 10 min. The supernatant of the methanol ex-
tract was collected and diluted to various concen-
trations (1.0%, 2.5%, 5.0%, 7.5% and 10.0%) for
measuring the total antioxidant activity. The vari-
ous concentration samples were studied, the con-
centration representing 2.5% of original fresh
weight of Jew’s mallow was chosen as an appro-
priate concentration for assessing antioxidant ac-
tivity while okra and green beans the appropriate
concentration were 5% in all fresh or cooked sam-
ples. Antioxidant activity was determined by the
2,2-diphenyl-1picrylhydrazyl (DPPH). An 0.ImM
solution of DPPH in methanol was prepared and 4
mL of this solution were treated with 0.2 mL of
the dilute extract. A control was treated with 0.2
mL of distilled water instead of the extract. The
mixture was left to stand at room temperature for
60 min. before the decrease in absorbance at 517
nm was measured. Total antioxidant activity was
expressed as the percentage decrease of DPPH
using the equation: e

Control absorbunce ~ Sumple absorbance
activity = x 100

Total antioxid
Control absorbance

RESULTS AND DISCUSSION

Results in Table (1) show that the values of to-
tal phenolics content determined as tannic acid
were 160.61, 62.34 and 108.80 mg/100g for fresh
Jew’s mallow, green beans and okra on fresh
weight basis, respectively. While these amounts
were increased due to cold storage up to 8 days at
5£1°C. The corresponding increment values were
33.94,21.94 and 30.96% for Jew’s mallow, green
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Table 1. Effect of different treatments and storage
conditions on total phenolics content
(mg/100g on fresh weight basis) in jew’s
mallow, green beans and okra

Treatments and
: Jew’s mallow Green beans Okra

storage conditions

62.34x1.53 108.80+0.93

Fresh vegetables 160.61+3.28

Steam blanching 148.18+2.90  59.68+2.98 97.46+2.81
(Smin) '

Blanching in boil-  82.90£2.65  42.88+1.32 47.86+0.71

ing water(3.5 min)

Cold storage* 214914382  76.04£0.70 142.48+4.02
Frozen storage for  139.8242.13  55.47+2.16 91.5342.11
3 months

Frozen storage for. 13527+1.72 53.57+3.38 82.38+2.57

6 months

Data are means of three replicate experiments + SD.
* At 5+1°C and 90-95% RH for 8 day

beans and okra respectively these results are in
agreement with Leja et al (2001) who stated that
at the low-temperature treatment of artichoke
caused the rise of phenolic components after 7
days of storage for non-packaged heads. The
leaching of such components in boiling water at
higher temperature compared with steam under
normdl pressure caused the loss could be a likely
explanation for the higher percentage of phenolics
by exposed to steam comparing with dipping in
boiling water. The decrement percentages with
steam blanched were 7.34, 4.27 and 10.42% while
the phenolics after being blanched by boiling wa-
ter were 48.38, 31.22 and 56.01%. for Jew’s mai-
low, green beans and okra, respectively. On the
other hand, there were some decrements of pheno-
lics were observed after 3 and 6 months of frozen
storage periods at ~18°C for steam blanched Jew’s
mallow, green beans 2 okra. Meanwhile, the
decrement percentages after 3 months of frozen
storage were 5.64, 7.05 and 6.08%, respectively,
while after 6 months corresponding decrements
were 8.71, 10.24 and 15.47%.

The flavonoid contents are shown in Table (2)
as an important source of natural antioxidant, in
fresh Jew’s mallow, green beans and okra and after
different treatments and storage conditions . The

results reveal that the flavonoid contents were
107.84, 58.29 and 78.75 mg/100g in Jew’s mal-
low, g're'én beans and okra, respectively. Loss of
flavonoids content was observed after different
treatments or frozen storage except cold storage
samples. These losses were different according to
treatment operation prior to storage and the condi-
tions of its storage. The flavonoid content ranged
between 67.15 and 118.22 for blanched and cold
storage of Jew’s mallow, 27.43 and 60.94 for

green beans and 35.43 and 93.12 mg/100g for

okra. A moderate increase in flavonoid was ob-
served. in cold storage comparing with fresh vege-
tables. On the other side the lowest flavonoid con-
tent was observed with ‘blanching processed in
boiling water. The decremental percentages of
flavonoids after steam blanching and frozen stor-
age for 6 months were 13.88, 15.63 and 8.27% _in
Jew’s mallow, green beans and okra, respectively.
These decreases may be due to heat treatments of
tested samples. In general both polyphenols and
flavonoids act- as antioxidants and free radical
scavengers (Bors & Saran 1987). '

Table 2. Effect of different treatments and storage
conditions on flavonoids content (mg
/100g on fresh weight basis) in jew’s
mallow, green beans and okra

Treatments and
Jew’s mallow Green beans Okra

storage conditions

Fresh vegetables 107.84+1.21 58.29+1.36 78.75+2.40
Steam blanching 104.99+3.36 53.90£2.33 73.29+£3.25
(5 min)

Blanching in boil-  67.15£0.33  27.43£0.26 35.43x1.06
ing water (3.5 min)
Cold storage* = q 18.22+1.35 60.94+2.34 93.12+1.26
Frozen storage for  98.76+3.20  52.374#2.19  70.55+1.04
3 months

Frozen storage for  92.87£2.37 49.18x1.96 67.23£2.67
6 months

Data are mans of three replicate experiments + SD.
* At 5£1°C and 90-95% RH for 8 day

Ascorbic acid contents in fresh, blanched, cold
and frozen storage of Jew’s mallow, green beans
and okra are shown in Table (3). The highest con-
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tent of ascorbic acid was observed in fresh jew’s
mallow while the lowest content showed in green
beans. Blanching by steam caused to decompose
of ascorbic acid content to 58.33, 37.52 and
49.81% in jew’s mallow, green beans and okra
while these decomposes due to blanching by boil-
ing water were 94.05, 62.47 and 73.35%, respec-
tively. After cold storage losses of ascorbic acid
were observed in all samples the loss percents
were 61.75, 25.35 and 10.91% for jew’s mallow,
green beans and okra. Frozen storage up to 3
months lead to decrease in ascorbic acid to 20.19,
21.93 and 12.56% while the decrease percents
were 26.18, 34.32 and 23.90% after 6 months of
frozen storage, respectively. These results are in
accordance with findings by Giannakourou &
Taoukis (2003) who reported that after the freez-
ing/blanching process, during the subsequent iso-
thermal frozen storage, green peas and leafy spin-
- ach exhibited a first loss of vitamin C at all tem-
peratures studied ( -3 to —20°C).

Table 3. Effect of different treatments and storage
conditions on ascorbic acid content
(mg/100g on fresh weight basis) in jew’s
mallow, green beans and okra

and okra were 3.78 and 4.08%. Blanching in boil-
ing water for 3.5 min. caused to decrease the per-
centages of total carotenoids to 30.87, 17.77 and
24.94% for Jew’s mallow, green beans and okra,
respectively. The corresponding decrement values
after cold storage for 8 days of total carotenoids
were 37.62, 42.20 and 21.35% while percent dec-
rements after 3 and 6 months frozen storage were
24.59 and 34.80% for jew’s mallow, 19.85 and
23.48% for green beans and 20.79 and 24.97% for
okra. i

Table 4. Effect of different treatments and storage
conditions on carotenoids content
(ng/100g on fresh weight basis) in jew’s
mallow, green beans and okra

Treatments and -
N Jew’s mallow Green beans Okra
storage conditions

Treatments and Green
Jew’s mallow Okra

storage conditions beans
Fresh vegetables  158.66+2.21 15.11£0.36  28.33+0.40
Steam blanching  66.11£1.36 9.44+0.33 14.22+0.25
(5 min)
Blanching in 9.44+0.33 5.67+0.26  7.55+0.06
ooiling water
(2.5 min)
Cold storage* 60.69+0.35 11.28+£0.30 25.24+0.26 -
Frozen storage for 52.76+3.28 7.37£0.19  11.56+0.06
3 months
Frozen storage tor 48.80+0.37 6.20£0.93  10.06+0.93

6 months

Fresh vegetables  764.59+4.15  67.64£221 42.63+1.66
Steam blanching  661.01£2.90  65.08+2.98 40.89%2.05 .
(5min)

Blanching in boil- 528.56+2.65  55.62+1.62 32.00+0.7]
ing water (3.5 min)

Cold storage* 476.92£2.90  39.22+0.70 33.53%1.02
Frozen storage for 498.50£528  52.16+3.03 32.39+1.53
3 months

Frozen storage for 430.97+4.22  49.86+2.34 30.68+0.73

6 months

Data are means of three replicate experiments + SD.
* At 5x1°C and 90-95% RH for 8 day

Total carotenoids in items of vegetables under
investigation are presented in Table (4). Total
carotenoids were 764.59, 67.64 and 42.63 pg /
100g on fresh weight basis in fresh jew’s mallow,
green beans and okra, respectively. The decrement
of caroteneoids in jew’s mallow after steam
blanching was 13.77% while for both green beans

Data are means of three replicate experiments + SD.
* At 5£1°C and 90-95% RH for 8 day

The method of scavenging stable DPPH free
radicals can be used to evaluate the antioxidant
activity of fresh, processing and storage samples
extracts in a short time (Qian & Nihorimbere
2004). Results in Table (5) show that the fresh
vegetables exhibited different DPPH scavenging
activities results showed that Jew’s mallow had the
highest activity for reducing free radicals compar-
ing with other tested samples. The percent of an-
tioxidant activity was 73.67% in fresh sample
meanwhile some increase was observed after cold
storage and blanching by steam, since percent of
activities were 77.36% and 74.10%, respectively.
The lowest activity of free radical scavenging
showed after blanching in boiling water which
was 48.64%. At the same time antioxidant activi-
ties of fresh okra and green beans were 71.38 and
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21.32% while cold storage for 8 days caused an
increase of DPPH -scavenging activities to 81.82
and 30.68%, respectively. On the other hand, deg-
radation values in the antioxidant activities were
observed in all treatments after 3 and 6 months of
frozen storage. The radical scavenging activity of
the samples is due to flavonoids, phenolics acid
and their derivatives (Anagnostopoulou et al
2006).

Table 5. Effect of different treatments and storage
conditions on total_antioxidant activities
(%) in jew's mallow, green beans and
okra

Treatments and Jew's Green
storage conditions  mallow** beans*** Okra™®
Fresh vegetables ~ 73.67+2.44  71.38+£3.17  21.32+1.03
Steam blanching  74.10£2.70  68.44+1.85  25.03£2.35
(Smin) ' .
Blanching in 48.64+1.75 3580062 I l.64i0,81
boiling water
(3.5 min)
Cold storage* 77364248  81.8242.72  30.68+1.14
Frozen storage for 62.24+3.05  63.00«1.11 i7.08i0.37
3 months
Frozen storage for  59.73£2.67  48.63+0.49  11.31£0.62

6 months

Data are means of three replicate experiments + SD.
* At 5£1°C and 90-95% RH for 8 day

**2.5g fresh vegetables/100ml methanol

**% 5g fresh vegetables/100ml methanol

The results in Figs. 1, 2 and 3 show that the
decrease in absorbance of DPPH" radical was due
to its reduction by different antioxidants. Decrease
in absorbance as a result of a color change from
purple to yellow as the radical was scavenged by
antioxidant through donation of hydrogen to form
the stable DPPH-H. Polyphenols and flavonoids
were increased with cold storage process for 8
days. At the same time carotenoids and ascorbic
acid were decreased. These variations reflected the
inactivation and inhibition according to natural
antioxidants as affected by different processes.
Results in Figs. 1, 2 and 3 revealed that the highest
free radical reduction was showed with cold stor-

age while blanching by boiling water gave the
lowest free radical reduction. These results may be
due to keeping the large amounts of natural anti-
oxidants. Moreover some activation was observed
in okra with steam blanching treatment comparing
to fresh samples. The act of natural antioxidants in
fresh Jew’s mallow gave the same results
comparing with blanching by steam. On- the other
hand, some losses were observed after frozen
storage for 3 and 6 months. The absorbance
decrements of DPPH solution depending on the
speed of the reaction between DPPH and natural
antioxidants. In case of rapid kinetic behavior,
practically all samples at high concentrations were
reacted within a very short time, and a steady state
was reached almost immediately. On the other
hand, slow kinetic behavior(lowest concentration
for each sample) implied longer periods before the
steady state could de reached (Qian &
Nihorimbere 2004). Therefore, blanched jew’s
mallow by steam showed rapid kinetic behavior
and strong reducer of a DPPH' radical. Therefore
it could be considered the fresh, cold, and frozen
storage after blanched by steam of jew’s mallow,
green beans and okra have high antioxidant
activity.
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Fig. 1. Effect of different treatments and storage
conditions on natural antioxidant activity as
reducing DPPH for jew’s mallow extracted
by methanol (2.5g/100ml on FWB)
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Fig. 2. Effect of different treatments and storage
conditions on natural antioxidant activity as
reducing DPPH for green beans extracted
by methanol (5g/100ml on FWB)
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Fig. 3. Effect of different treatment- ana storage
conditions on natural antioxidant activity as
reducing DPPH for okra extracted by
methanol (5g/100ml on FWB)
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