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ABSTRACT
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The ethanol, methyl alcohol and acetone (80%) extracts of gamma-
irradiated red beet leaves and roots (at dose levels of 0, 3, 6, 9 and 12
kGy) were made to be used as a natural antioxidant and antibacterial
agents. The total phenolic contents (TPC) and total flavonoid contents
(TFC) were estimated in the leave and root extracts. The antioxidant ac-
tivity was determined by DPPH and FRAP methods. Antibacterial activ-
ity was carried out against S. aureus, B. cereus, E. coli and S. typhimuri-
um. The obtained results indicated that the ethanol extracts had higher
total phenolics, flavonoids content and antioxidant activity in both leaves
and roots than other solvents extract after solid-phase extraction. The re-
sults showed that 9 kGy doses significantly increased the TPC, TFC and
enhanced the antioxidant activity of leaves and roots. The majority trend
in obtaining data summarized that both non-irradiated and irradiated red
beet roots (RBR) extracts possess higher antibacterial activity against se-
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INTRODUCTION

henolic compounds include many or-

ganic substances that all possess an

aromatic ring with one or more sub-

stituted hydroxyl groups and a func-

tional side-chain. It is well known that
the majority of the plant extracts contain phenolic
compounds as secondary metabolites. Antioxidant
compounds such as flavonoids, tannins, coumarins,
curcuminoids, xanthones, lignans and terpenoids
are found in different parts of the plant, e.g., fruits,
vegetables, leaves and seeds (Vaithiyanathan ez al.,
2011). Therefore, there is a growing interest in sepa-
rating these bioactive compounds and using them as
natural antioxidants.

The association between the diet rich in fruits
and vegetables and a decreased risk of cardiovascu-
lar diseases and certain forms of cancer is supported
by considerable epidemiological evidence (Riboli
and Norat, 2003). Different studies showed that free
radicals present in the human organism cause oxi-
dative damage to various molecules, such as lipids,
proteins, and nucleic acids, and are thus involved in
the initiation phase of the degenerative diseases. Phe-
nolic and other phytochemical antioxidants found in
fruits and vegetables are capable of neutralizing free
radicals and may play a major role in the prevention
of certain diseases (Kaur and Kapoor, 2001).

Beet root ranks among the 10 most powerful
vegetables with respect to its antioxidant capacity
ascribed to a total phenolic content of 50 — 60 umol/g
dry weight (Kdhkonen et al., 1999). Beet root is a
potential source of valuable water-soluble nitrogen
pigments, called betalains, which comprise two main
groups, the red betacyanins and the yellow betaxan-
thins. They are free radical scavengers and prevent
active oxygen-induced and free radical-mediated
oxidation of biological molecules (Pedreno and Es-
cribano, 2001).
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A more recent investigation showed that total
phenolic content decreases in the order peel (50%),
crown (37%), and flesh (13%). The peel also carries
the main portion of betalains with up to 54%, their
content being lower in the crown (32%) and flesh
(14%) (Kujala et al., 2000).

Nowadays, there is an increasing interest in the
substitution of synthetic food antioxidants by natural
ones. The antioxidant compounds from waste prod-
ucts of food industry could be used for protecting
the oxidative damage in living systems by scaveng-
ing oxygen free radicals, and also for increasing the
stability of foods by preventing lipid peroxidation
(Makris et al., 2007). Special attention was focused
on their extraction from inexpensive sources. In re-
cent years, many vegetal extracts rich in phenolic
compounds have been put on the market as func-
tional ingredients (Fernandez-Ginés et al., 2005).
Nevertheless, the use of vegetal extracts as func-
tional ingredients in meat products should be sup-
ported by the evaluation of the phenolic content in
these products and their evolution during shelf life
(Fernandez-Lépez et al., 2007).

The treatment of food by ionizing radiation has
been approved by several authorities (Food and Drug
Administration (FDA), United States Department of
Agriculture (USDA), WHO, FAO) and scientific
societies based on extensive research (Morehouse,
2002). The irradiation of foodstuffs is an effective,
environmentally friendly solution which is autho-
rized in more than 50 different countries all over the
world and for various kinds of food products. Con-
sumers, knowing the benefits of this technology tend
to choose irradiated foods with confidence (Loaha-
ranu and Thomas, 2001).

On the other hand, Irradiation can influences
the level of antioxidants/ phytochemicals and the
capacity of a specific plant to produce them at dif-
ferent levels. Under certain favourable conditions,
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the concentration of plant phytochemicals might
be enhanced. These conditions include exposure to
radiation sources, wounding, storage at low tem-
peratures, and/or exposure to extreme temperatures
(Zobel, 1997). Gamma irradiation at a dose level of
10 kGy increased phenolic acid content in cinnamon
and clove, while the phenolic content in nutmeg re-
mained unaltered (Variyar et al., 1998). Although,
some studies reported that, gamma irradiation does
maintain or enhance the antioxidant properties, there
are a few examples wherein the antioxidant proper-
ties of the plant material were decreased (Alothman
et al., 2009). To the best of our knowledge, there are
no published studies on the effect of ionizing radia-
tion on the phytochemicals content, antioxidant and

antimicrobial activities of red beet.

The goal of this work was to examine the ethanol,
methanol and acetone (80%) extracts of y-irradiated
red beet (Beta Vulgaris L.) leaves and roots (at dose
levels of 0, 3, 6, 9 and 12 kGy) as a natural antioxi-
dant and antibacterial agents.

MATERIALS AND METHODS
Material
Red beet (Beta Vulgaris L.) samples:

Mature red beet (Beta Vulgaris L.) fruits had
no visible external cuts or spoilage were purchased
from the local market, Zagazig, Sharkia governorate,
Egypt. The roots were separated from leaves manu-
ally, rinsed with distilled water to remove soil par-
ticles then the samples were oven dried at 45°C for
72 hr. The dried plant material was ground into a fine
powder in an electric grinder. The grounded red beet
samples were macerated in hexane to remove lipids,
then dried at 70 °C to remove hexane residue. The
samples were packaged in polyethylene pouches (50

+ 2 g) for gamma irradiation treatment.

Chemicals and Reagents:

Butylated Hydroxy Toluene (BHT), 1, 1-Diphe-
nyl-2-Picrylhydrazyl (DPPH), Gallic acid, Querce-
tin and Folin- Ciocalteu reagent was purchased from
Sigma (St. Louis, MO, USA). All other used chemi-

cals were analytical grade.
Bacterial Strains:

Bacterial strains used for the determination of
antibacterial activity were Gram-negative bacteria:
Escherichia coli (ATCC 25922) and Salmonella ty-
phimurium (ATCC 98031), besides Gram-positive
bacteria: Bacillus cereus (ATCC 7064) and Staphy-
lococcus aureus (ATCC 25923). The selected strains
were obtained from the Egyptian Microbial Culture
Collection, Faculty of Agriculture, Ain Shams Uni-

versity.
Bacterial Media:

Mueller Hinton agar and Mueller Hinton broth
medium were used according to Bridson (2006) and
purchased from Difco Co., Detroit, MI, USA.

Methods
Irradiation Treatments:

Red beet powder samples were subjected to
gamma irradiation at dose levels of 0, 3, 6, 9 and 12
kGy using a ®°Co Russian gamma chamber, (dose rate
1.3 kGy/hr), belonging to Cyclotron Project, Nuclear
Research Center, Atomic Energy Authority, Cairo,

Egypt.

Preparation of Red beet Extracts:

The non-irradiated and gamma irradiated red
beet powder samples were extracted by direct soak-
ing with ethanol, methanol and acetone (80%).
Briefly, 20 g of plant material was soaked with 200
mL of solvent in dark bottles at room temperature
overnight by shaking the mixture at a speed of 1000
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vibration/min. The extracts were filtered through
Whatman filter paper No. 42 and the residue was ex-
tracted again with 100 ml of respective solvent to en-
sure the complete extraction of phenolic compounds.
The filtrate was subjected to the rotary evaporator at
40°C under reduced pressure to remove the solvent.
The extracts were stored in brown bottles at -18 °C
to further analyses.

Determination of Total Phenolics Content (TPC):

Total phenolic content was determined by the
Folin—Ciocalteu method according to Arabshahi-
Delouee and Urooj (2007). A 200 pL of extract
solution was mixed with ImL of Folin—Ciocalteu’s
reagent (1 ml reagent with 9 ml distilled water) after
5 min added 1.5mL distilled water and ImL of 75 g
L™ Na,CO, solution. The mixture was incubated in a
shaking incubator at ambient temperature for 60 min
and its absorbance at 760 nm was measured. Gallic
acid was used as a standard for the calibration curve.
Total phenolic content expressed as Gallic acid
equivalent (GAE) was calculated using the follow-
ing linear equation based on the calibration curve:

Y =0.0045X +0.0743 (R*>= 0.9944)
Where:

Y is the absorbance and X is the concentration (mg
GAE g ! extract) R*=Correlation Coefficient.

Determination of Total Flavonoids Content (TFC):

Total flavonoids content was determined by the
method of Ordon et al. (2006). An aliquot (0.5mL)
of 20 gL' AICI, Ethanol solution was added to 0.5
mL of extracting solution. The absorbance was mea-
sured after 1 hr at room temperature at 420 nm. A
yellow colour indicated the presence of flavonoids.
Extracted samples were evaluated at a final concen-
tration of 0.1 mg mL™". Total flavonoid content was
expressed as quercetin equivalent (QE) and calcu-
lated using the following equation based on the cali-
bration curve:
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Y=0.0072 X (R?>=0.9853)
Where:

Y is the concentration (mg QE g' extract), X is the
absorbance and R*=Correlation Coefficient.

Antioxidant Activity of Extracts
DPPH Radical-scavenging Activity:

The electron donation ability of the obtained
extracts was measured by bleaching of the purple
coloured solution of DPPH according to the method
of Hanato et al. (1988). One hundred pL of each
extract was added to 3 mL of 0.1 mM DPPH dis-
solved in toluene, ethanol and methanol according to
the solvent used for extraction. After an incubation
period of 0, 30, 60 and 120 min at room tempera-
ture, the absorbance was determined against control
at 517 nm (Gulcin et al., 2004). Percentage of anti-
oxidant activity of free radical DPPH was calculated

as follows:

Antioxidant activity (Inhibition) % = [(A
/A x 100

control samplc)

contml]

Where:

A is the absorbance of the control reaction and

control

A, 1s the absorbance in the presence of plant ex-

tract. BHT was used as a positive control. Samples

were analysed in triplicate.
Ferric Reducing Antioxidant Power (FRAP):

The Reducing power of all extracts was mea-
sured by the method of Oyaizu (1986) and modi-
fied by Giil¢in et al. (2010). The reduction of Fe** to
Fe**was determined by measuring the absorbance of
Perl’s Prussian blue complex. This method is based
on the reduction of (Fe™) ferricyanide in stoichio-
metric excess relative to the antioxidants. For this
purpose, 0.1 mL of each extract mixed with 1 ml of
0.2 M sodium phosphate buffer (pH 6.6) and 1 ml
(1%) of potassium ferricyanide [K,Fe (CN,)]. The
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mixture was incubated at 50°C. After 20 min of in-
cubation, the reaction mixture was acidified with 1
ml of trichloroacetic acid (10%). Finally, 0.25 ml of
FeCl, (0.1%) was added to this solution. Distilled
water was used as blank and for control. The absor-
bance of the mixture was measured at 700 nm us-
ing a UV spectrophotometer. Decreased absorbance
indicates the ferric reducing power capability of the

sample.
Determination of Antibacterial Activity
Agar-Well Diffusion Assay:

To determine the inhibitory activity of both ex-
tracts from beet roots and beet leaves, plates were
made by adding approximately 10° CFU/ml (An-
drews, 2001) to Petri dishes containing Muller Hin-
ton agar. Around 7 mm diameter wells were made
with pre-inoculated media and each well was inocu-
lated with 100 pl of each extract. After diffusion at 4
+ 1°C for 1 h., the plates were incubated at 37 °C for
24 h. The diameters of the inhibition zones around
the wells were measured with a caliper (Bennett et
al., 1966).

Statistical analysis:

All the experiments were carried out in triplicate
and mean and standard error was calculated. Then
the results were subjected to two-way analysis of
variance followed by Duncan’s significant differ-
ences using the generalized linear model procedure
of the SAS program (version 9.1.3) software (Cary,
NC). Significance levels were defined as p < 0.05
(SAS, 2004).

RESULTS:

Effect of gamma irradiation on TPC of red beet
roots (RBR) and red beet leaves (RBL) extracts:

The extracts of RBR and RBL samples, show a
significant difference between extracts (ethanol 80%
> methanol 80% > acetone 80%) obtained in TPC

as shown in Table 1. Moreover, the TPC of RBR ex-
tracts were significantly higher than those of the RBL in
obtaining extracts due to its containing larger amounts
of phenolic compounds and pigments than RBL. In
addition, the extracting ability of ethanol was signifi-
cantly higher than other examined solvents which were
772.422+ 5.466mg GAE 100 g' DW for RBR and
45798 + 3.214 mg GAE 100 g' DW for samples of
non-irradiated RBL extracts compared to methanol was
710.655 +2.266 and 429.063 + 5.594mg GAE 100 g'!
DW and acetone was 612.790 + 3.195 and 409.656 +
4.837mg GAE 100 g' DW for RBR and RBL, respec-
tively.

Meanwhile, the data presented in Table 1 clearly
showed that the low-polarity solvents, particularly ac-
etone 80% have a significant low ability for extracting
TPC in both RBR and RBL extracts were 612.790 £3.
195 and 409. 626 +4. 837 mg GAE 100 g'! DW com-
pared to methanol 80% extracts were 710.655 + 2.266
and 429.063 + 5.594 mg GAE 100 g ' DW, respectively.

For irradiated RBR and RBL samples, at dose
levels of 3, 6, 9 and 12 kGy irradiation treatment en-
hanced the TPC of all obtained extracts compared
to corresponding non-irradiated samples. Otherwise,
the extracts obtained from treated samples at a dose
level of 9 kGy have a clear significant (p < 0.05)
increase in TPC as compared to that of the corre-
sponding control samples and other doses. In the case
of methanol 80% and acetone 80%, the irradiation in-
creased the TPC and has the same manner of acting for
TPC in RBR and RBL samples.

Therefore, TPC contents of ethanol extract samples
were found to be 824.87 + 3.148 and 476.503 +4.600,
772.422 + 5.466 and 457.98 +3.214, 786.166 + 5.519
and 804.57 = 1994 and 775.266 + 2.260, 461.906 +
2.922 & 464.892 + 1.636 and 460.192 + 1.395 mg GAE
100 g-1 (DW) of RBR and RBL for irradiated at a
dose level of 9 kGy, control and irradiated at dose
levels of 3, 6 and 12 kGy samples, respectively.
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Table (1) : Total phenolic content (TPC) (mg GAE 100 g 'DW) of non-irradiated and irradiated red beet
roots and leaves extracts.

T Extraction Solvents
y-irradiation RBR RBL
doses (kGy)
Eth 80% Meth 80% Acet 80% Eth 80% Meth 80% Acet 80%
0 772.422 710.655 612.790 457.98 429.063 409.656
+ 5.466P* +2.266 + 3.195E¢ +3.2148 + 5.5945° +4.837¢
3 786.166 736.483 676.848 461.906 443.771 420.936
+5.619% 2 2. 1125 2= 2, 7511 +2.9228a + 5.0174B° 2= 30158
6 804.57 746.515 685.853 464.892 448.802 423.589
+ 1.9948= +1.1145° + 3.3588¢ +1.636% + 1.8474° + 3.4288¢
9 824.87 761.127 708.127 476.503 455.824 436.196
+ 3.148% + 1.164%° + 2.4494¢ + 4.600" + 3.45940 +4.186%
12 775.266 730.085 655.601 460.192 442.333 419.664
+2.260¢P2 +4.897¢ + 1.5420° + 1.3958 + 5.29148° + 4.2088¢

Means with the same capital letter in the same
columns are not significant (p < 0.05) different;
means with the same small letter in the same rows
are not significant (p < 0.05) different.

Effect of gamma irradiation on TFC of RBR and
RBL extracts:

The flavonoids data need to be examined because
the antioxidant activity does not always relate to the
presence of large quantities of polyphenolic com-

pounds. Data in Table 2 revealed that the TFC of
RBR and RBL extracts were significantly varied and
the RBR extracts were significantly possessed TFC
higher than RBL extracts. Whereas, the TFC in non-
irradiated RBR samples extracted by ethanol have a
significant increment in TFC (598.821 + 1.619 mg
QE 100 g' DW) compared to other extracts which
were 524.524 + 1.501 and 487.005 £ 3.686 mg QE
100 g"' DW for methanol and acetone, respectively.

Table (2) : Total flavonoids content (TFC) (mg QF 100 g DW) of non-irradiated and irradiated red beet
roots and leaves extracts.

. L. Extraction Solvents
v-irradiation RBR RBL
doses (kGy)
Eth 80% Meth 80% Acet 80% Eth 80% Meth 80% Acet 80%
0 598.821 524.524 487.005 368.524 315.701 274.727
+1.619P* +1.501¢ +3.686% +2.152P: +4.063% +1.710¢
3 606.473 535.384 496.631 385.556 323.600 282.872
+2.601¢ +4.2758¢ +3.456" +6.432¢ +4.2758¢ +2.2628¢
6 615.112 544.517 503.049 402.587 329.771 288.796
+0.65352 +5.43048 +2.3558¢ +2.4318 +2.749A80 +2.1375¢
9 634.235 560.561 511.688 422.798 341.372 303.360
+2.2884 +4.5044° +1.710%¢ +2.2854 +4.2754° +3.265%
12 603.291 541.555 498.359 388.841 330.512 283.856
+2.918¢Pa +8.4908¢® +1.864" +3.460% +3.429A80 +3.2095¢

Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small
letter in the same rows are not significant (p < 0.05) different.
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Meanwhile, the extracts of non- irradiated RBL
samples have the same manner of acting for TFC,
where the RBL sample extracted by ethanol has a
higher TFC (368.524 + 2.152mg QE 100 g' DW)
than that of the RBL sample extracted with metha-
nol, and acetone which was 315.701+ 4.063 and
274.727 £ 1.710mg QE 100 g DW, respectively. For
irradiated RBR and RBL samples, at dose levels of
(3, 6, 9 and 12 kGy) enhanced the TFC of obtaining
extracts compared to corresponding control samples.
Moreover, the gamma irradiation processed samples
at a dose level of 9 kGy obviously affected the pro-
duction of flavonoids and caused significantly (p <
0.05) higher content in the ethanol, methanol and
acetone extracts were found to be 634.235+ 2.288,
560.561 + 4.504 and 511.688 + 1. & RBL samples
(422.798 £2.285, 341 £4.275 and 303.360 + 3.265mg
QE 100 g' DW) for RBR and RBL samples, respec-
tively compared to that of corresponding control and
other doses.

Antioxidant activity of RBR and RBL extracts:

No single method is adequate for evaluating
the antioxidant capacity of foods or extracts, since
different methods can widely yield diverging results.
Thus, several methods based on different mecha-
nisms should be used.

Antioxidant activity of beet leaves and root extracts
DPPH Radical-Scavenging Activity:

The scavenging effect of RBR, RBL extracts and
BHT on DPPH radical were compared and expressed
as % (Tables 3 and 4).

It is obvious that all extracts obtained from non-
irradiated and irradiated RBR and RBL samples
that contained amounts of TPC were exhibited an-
tioxidant activity particularly all RBR showed sig-
nificantly (p < 0.05) high antioxidant activity when
compared with that of RBL and BHT, whereas the
DPPH radical scavenging activity after 120 min
of the control sample of RBR extracted by ethanol

(88.35 £ 0.001%) was significantly (p < 0.05) higher
than that extracted by methanol and acetone (77.14
+ 0.005 and 60.90 + 0.003 %, respectively) com-
pared to BHT sample which was 69.77 £ 0.006%.
The same manner of acting for DPPH radical scav-
enging activity after 120 min was represented by
RBL extracts which have a significant increasing (p
< 0.05) (73.16 = 0.008%) in the samples extracted
by ethanol compared to that RBL samples extracted
by, methanol and acetone (66.52 + 0.007 and 48.58
+ 0.004 %, respectively) and BHT sample (69.77 +
0.006%) after 120 min.

Exposing samples of RBR and RBL to gamma
irradiation at dose levels of €3, 6, 9 and 12 kGy en-
hanced the DPPH radical-scavenging ability of all
extracts compared to corresponding non-irradiated
samples. Particularly, data showed that all the as-
sessed extracts of RBR samples treated with 9 kGy
had a significant ability to reduce the stable purple-
colored radical DPPH into yellow-colored DPPH-H
which it was 95.29 £ 0.005%, 87.59 + 0.008% and
74.63 £ 0.007%, after 120 min for RBR samples
extracted by ethanol, methanol and acetone, respec-
tively compared to corresponding control, other dos-
es and the synthetic antioxidant BHT which exhib-
ited the lowest scavenging activity with the lowest
value 69.77 £0.006 % after 120 min.

The antioxidant activity of the ethanol and
methanol extracts of irradiated RBL at dose level of
9 kGy against DPPH radicals significantly increased
and reached up to 82.18 + 0.003 and 71.03 £ 0.011
compared corresponding irradiated at dose levels of
3, 6 and 12 kGy (75.10 + 0.004, 77.70 = 0.007 and
75.18 £ 0.006 & 68.10 £ 0.005, 69.83 + 0.005 and
67.16 £0.0006), non-irradiated RBL samples (73.16
0.008% and 66.52 + 0.007%, respectively) and BHT
sample (69.77 = 0.006%) after 120 min. Otherwise,
significant decreasing in the antioxidant activity was
observed in the acetone extract of the irradiated RBL
at all applied doses compared to BHT sample (69.77
+ 0.006 %) after 120 min.
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DPPH radical scavenging activity of non-irradiated and irradiated RBR extracts compared with

BHT.

.
.

Table (3)

Eth 80% Meth 80% Acet 80%
v-irradiation 120 120 120
(kGy) 0 time | 30 mint | 60 mint . 0 time | 30 mint | 60 mint . 0 time | 30 mint | 60 mint .
mint mint mint
0 70.65 73.07 76.81 88.35 54.91 63.34 69.31 77.14 20.60 37.77 49.88 60.90
£0.041% | £0.004> | +0.008" | £0.001" | £0.012 | £0.002 | £0.010° | +0.005> [ +£0.003° | +0.008" | +0.005% | +0.003%
3 73.24 76.08 79.84 90.46 62.65 68.64 72.74 80.51 27.77 43.98 52.77 64.09
£0.019*" | +0.006% | +0.003% | +0.003¢* | £0.005% | £0.011%> | +£0.001% | +0.006%> | +0.025% | +0.013% | +0.005™ | +0.004™
6 74.15 78.58 82.52 92.57 66.57 70.27 75.87 83.96 43.73 47.86 57.13 66.99
+0.019% | £0.006™ | +0.004% | +£0.005% | +0.013*" | +£0.006% | +0.006 | +0.010% | +0.022% | +0.013% | £0.006 | +0.007%
9 79.21 82.86 86.94 95.29 69.13 73.35 80.29 87.59 52.35 58.05 65.58 74.63
£0.003% | £0.003* | £0.001* | £0.0054 | £0.0134° | £0.006*" | +£0.004*° | +£0.008* [ £0.032% | +0.003%¢ | +0.006" | +0.0074
B 71.31 76.30 79.12 90.02 66.32 68.30 74.16 79.51 40.82 54.94 60.77 65.76
£0.012% | £0.006% | £0.005% | £0.001¢ | £0.026*™ | £0.001® | £0.006% | +£0.006 [ +£0.047%> | £0.002% | +0.0035 | +0.004%
BHT 25.78 48.94 59.63 69.77 25.78 48.94 59.63 69.77 25.78 48.94 59.63 69.77
(200ppm) | £0.004% | £0.011% | +0.002% | +0.006% | +0.004> | +0.0117 | +0.002% | +0.006™ [ +£0.004 | +£0.011 | +£0.002% | +0.006"

Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small letter in the same rows (at the

same time) are not significant (p < 0.05) different.
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DPPH radical scavenging activity of non-irradiated and irradiated RBL extracts compared with

BHT.

Table (4)

Eth 80% Meth 80% Acet 80%
y-irradiation 120 120 120
doses kGY) | 0 time | 30 mint | 60 mint . 0 time | 30 mint | 60 mint 3 0time | 30 mint | 60 mint .
mint mint mint
0 64.58 69.41 71.21 73.16 50.87 61.68 63.81 66.52 36.71 40.87 43.38 48.58
+£0.010P | +0.008% | £0.002P | +0.008P* | +0.004™ | +£0.005P | +0.004> | £0.007< | +0.006% | +£0.013% | +0.008F | +0.004%
3 66.51 71.16 73.62 75.10 54.00 64.36 66.19 68.10 38.42 46.57 48.04 52.77
+£0.006% | +0.005% | +£0.003% | +0.004% [ £0.005% | +0.005 | +0.0045 | +£0.0055 | +£0.003P | +0.006™ | +0.003F | +0.006%
s 69.42 73.84 75.15 77.70 57.09 66.64 67.21 69.83 44.08 54.63 57.43 59.79
£0.005% | £0.007% | £0.005% | £0.0073 | +0.004%> | £0.005% | £0.007% | £0.0054% | +£0.004% | +0.003% | £0.007< | +0.011¢
0 73.27 76.45 78.07 82.18 62.12 68.67 71.12 71.03 48.03 59.22 63.06 65.61
+0.005% | +0.012% | £0.0114 | +0.003% | +£0.0074% | +£0.0044° | +0.004*° | +£0.0114% [ +0.001%¢ | +£0.0054° | +£0.0034 | +0.0028¢
" 66.07 70.45 71.99 75.18 55.39 63.53 65.31 67.16 46.41 52.54 54.24 57.3
£0.004°% | £0.003% | £0.004" | +0.006% | £0.008 | +0.002% | +0.006" | £0.006 | +0.007% | +£0.004% | +0.002P | +0.005
BHT 25.78 48.94 59.63 69.77 25.78 48.94 59.63 69.77 25.78 48.94 59.63 69.77
(200ppm) | £0.004% | £0.011% | +£0.002% | £0.006% | +0.004% | £0.011% | +0.002F | £0.006* | £0.004% | +0.011 | +£0.0025 | £0.006A¢

Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small letter in the same rows (at the
same time) are not significant (p < 0.05) different.
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Ferric Reducing Antioxidant Power (FRAP)
(0.D.)

It is clear that as shown in Table 5, all extracts
were exhibited reduced power capacity, particularly
all RBR extracts showed significantly high reducing
power capacity when compared with that of RBL
and BHT, whereas the FRAP of control sample of
RBR extracted by ethanol (2.812 £ 0.0172) was
significantly (p < 0.05) higher than that extracted by
methanol and acetone (2.629 = 0.0156 and 2.513
+ 0.0040, respectively) compared to BHT sample
(1.304 £ 0.0059). The same trend of acting for FRAP
was represented by RBL extracts which has a sig-
nificant increasing (p < 0.05) (2.520 £ 0.0047) in the
samples extracted by ethanol compared to that RBL
sample extracted from methanol and acetone (2.393
+0.0040 and 2.215 £ 0.0043, respectively) and BHT
sample (1.304 £ 0.0059).
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Irradiation process at dose levels of 3, 6, 9 and
12 kGy enhanced FRAP for all extracts compared to
non-irradiated and BHT samples for both RBR and
RBL. It was found that all these extracts exhibited
ferric reducing power greatly in dose level-depen-
dent manner. In general, the reducing power capacity
of all extracts may provide a significant indication of
the potential antioxidant capacity of the plant parts.
There was a difference among the different extract of
Beta Vulgaris in reducing power compared to BHT
as a positive control. Specifically, and briefly, the ir-
radiation dose of 9 kGy has a significant value of
FRAP in all extracts (ethanol, methanol and acetone)
obtained from RBR (2.985 + 0.0035, 2.771 + 0.0061
and 2.655 £ 0.0132 respectively) and RBL (2.617 +
0.0052, 2.503 + 0.0080 and 2.358 + 0.0038, respec-
tively) as compared as corresponding control and
other doses.

Table (5) : Ferric Reducing Antioxidant Power (FRAP) (O.D.) of non-irradiated and irradiated RBR and

RBL extracts compared with BHT.

Extraction Solvents
y-irradiation
e RB Root RB Leaf
Eth 80% Meth 80% Acet 80% Eth 80% Meth 80% Acet 80%
0 2.812 2.629 2.513 2.520 2.393 2.215
+0.01728 +0.0156" + 0.00408¢ + 0.0047< +0.0040° +0.0043P°
3 2.823 2.648 2.523 2.567 2.426 2.258
+(0.034288 +0.00818° +0.00575¢ +(0.007182 +0.00885" +0.0039¢
6 2.847 2.655 2.533 2.588 2.448 2.272
+(0.029088 +0.003 18 +0.00618¢ + 0.002382 +0.0086"" +(0.00228¢¢
9 2.985 2.771 2.655 2.617 2.503 2.358
+ 0.003542 +0.00614° = 0132 + 0.005242 +0.00804° +0.00384°
12 2.828 2.647 2.518 2.556 2.432 2.274
+(0.02328 +0.01548> + 0.00308¢ +(0.00338 +0.00258° + 0.00678¢
1.304 1.304 1.304 1.304 1.304 1.304
BHTQ@O00ppm) |, 0socs | £0.0059% | £0.0059% | +0.0059° | =0.0059> +0.0059%

Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small

letter in the same rows are not significant (p < 0.05) different.
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Antibacterial activity of non-irradiated and
irradiated RBR and RBL extracts:

As shown in Tables 6 and 7, all extracts exhib-
ited considerable antibacterial activity against all
tested microorganisms with slight differences be-
tween plant part, solvents, strains variety and gam-
ma irradiation dose. Data indicated that there were
observable significant differences between ethanol,
methanol and acetone extracts of the non-irradiated
RBR samples regarding growth inhibition of S. au-
reus, B. cereus, E. coli and S. typhimurium. The inhi-
bition zones (mm) of S. aureus, B. cereus and E. coli
bacteria reached its maximum value, 14.33 + 0.88,
13.67 + 0.33 and 12.33 + 0.33 mm, respectively, for
methanol extract, while it was 14.00 + 58 mm for
S. typhimurium in the ethanol extract as shown in
Table 6.

The majority trend in obtaining data summa-
rized that the solvent extraction of both irradiated
and non-irradiated RBR possesses higher antibacte-
rial activity against selected bacteria than RBL, due
to the presence of betanin and isobetanin.

The irradiation treatment randomly influenced
the antibacterial activity of RBR extracts, where the
inhibition zones of testing bacteria reached its maxi-
mal values at 9 kGy which were 16.33 + 0.67 and
15.17 = 44 mm of S. aureus, B. cereus for methanol
and 17.00 £ 0.58 and 15.33 £ 0.33 mm of E. coli and

S. typhimurium for ethanol, respectively.

Our data represented that the most of solvent
extractions of red beet root, especially, ethanol and
methanol extracts possess a moderate antibacterial
activity, while acetone extract of RBR has no anti-
bacterial activity against selected bacterial strains.
On the contrary, red beet leave extracts mostly have
no antibacterial activities.

On the other hand, in the case of RBL, it is ob-
vious that there were slight differences between
ethanol, methanol and acetone extracts of the non-
irradiated RBL samples regarding growth inhibition
of S. aureus, B. cereus, E. coli and S. typhimurium.
The inhibition zones (mm) of S. aureus and S. ty-
phimurium, bacteria reached its maximum value was
13.33 £ 0.67 and 9.50 £ 29 mm in ethanol extract,
and 11.00 + 0.67 and 9.60 = 0.40 mm of B. cereus
and E. coli for methanol extract as shown in Table
6. The irradiation process had the same manner of
antibacterial activity of RBL extracts. Whereas, the
inhibition zones of testing bacteria reached its maxi-
mum value which was 13.50 = 0.29 mm of S. au-
reus) at dose levels of 3 kGy, 13.33 + 0.33 mm, of
B. cereus at dose level of 9 kGy and 12.67 + 0.33 of
S. typhimurium at dose level of 9 kGy for ethanol
extracts and 11.00 + 0.58 mm of E. coli for methanol
and acetone extracts as shown in Table 7.
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Antibacterial activity of non-irradiated and irradiated RBR extracts against some of food patho

genic bacteria (zone of inhibition is expressed in mm).

Table (6)

Extraction Solvents

y-irradiation Eth 80% Meth 80% Acet 80%
LTS (XE) S. B. E. s. S. B. E. s. S. B. E. s.
aureus cereus coli Typhimurium | qureus cereus coli typhimurium aureus | cereus coli Typhimurium
0 12.00 11.33 12.00 14.00 14.33 13.67 12.33 13.33 10.17 8.83 9.67 10.00
+0.588 +0.338° +(.58¢ +(0.5842 +(.88Ba +£0.3382 | 1(0.33482 EH(SERS +£0.44 B | +0.44 B =17 +(0.294P
3 13.00 12.33 13.00 14.67 14.33 14.33 11.67 12.33 12.00 8.67 10.00 10.33
+0.58AB® | +(),3348b | +(,58BC8 +(.3342 +(.338 2030 | =033 4= (0) 33 +0.584P +0.678¢ +(.588 eSSBS
6 13.33 11.67 14.00 14.33 14.67 14.67 11.67 12.33 13.00 13.17 11.50 10.67
2H{0) 330 +0.33 8¢ +(0.5882 +(0.3342 E0SSEC N IEEEEE +0.3380 20334 +0.584P +£0.17A> | £0.294 =033
9 14.00 13.00 17.00 15.33 16.33 15.17 12.67 12.33 12.33 13.00 11.8 9.67
+0.761° +0.584° +(.5842 +(0.3342 +0.674 +0.444* | £0.6748 +(.884P == () 330 +(.5840 +0.1740 +(.884¢
12 14.00 11.33 16.17 14.67 15.67 14.17 13.33 12.83 12.00 12.67 10.17 9.30
+0.584° +0.3358 +0.444A2 =0 334 +(0.334B2 | +£(0.44A8 | +(.3340 +(0.4440 +(0.294¢ 20334 +0.44 8¢ =0 354

Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small letter in the same rows (for the
same bacterial strain) are not significant (p < 0.05) different.
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Antibacterial activity of non-irradiated and irradiated RBL extracts against some of food patho

genic bacteria (zone of inhibition is expressed in mm).

Table (7)

Extraction Solvents

<|m~.~.m=mmwnm°= Eth 80% Meth 80% Acet 80%
doses (kGy) s. B. E. S S. B. E. S S. B. E. S
aureus | cereus coli Typhimurium | aureus cereus coli Typhimurium | aureus cereus coli Typhimurium
0 13.33 10.83 9.50 9.50 11.00 11.67 9.60 9.17 9.83 10.00 8.83 9.17
+0.6742 +(.73 82 +0.2942 +0.29¢ +0.504° +(.3342 +0.442 +0.60¢ +0.604° +(.504¢ +0.44 8 +0.1742
3 13.50 11.17 10.7 10.50 11.33 11.50 9.83 10.13 10.00 10.33 9.5 9.67
+0.294 | £0.4448 | +£0.604 SOV GES & (0,334 +(.2942 +(0.174 == (0), 5950 +(.584° +0.884 | +(.294B: ORISR
6 10.50 11.67 10.83 11.67 11.50 11.17 10.7 11.33 10.17 10.67 9.83 9.47
+(0.295: A5l 2 +0.604 2= (0,33 + (.2942 +0.444 +(.334 2= (0,330 4 11,1175 =033 | =07 2= (0,324
9 10.17 13.33 10.3 12.67 12.00 11.50 11.00 12.33 10.50 10.67 10.50 9.80
SHONBES 2= (0,334 +0.674 2= (0,334 +0.584 +0.504° +(.584 <& (0,334 +(.2942 +0.604° | +0.2948 2 0,154
12 9.83 12.33 10.0 12.00 9.33 9.17 10.70 11.50 8.50 10.33 11.0 9.67
+0.448 | £(0.33482 | +(.584¢ +(.58 4 +0.338 + (.44 8 +0.674 + 0.504B +0.76% | +£0.884® | +(.584¢ +0.174°
Means with the same capital letter in the same columns are not significant (p < 0.05) different; means with the same small letter in the same rows (for the

same bacterial strain) are not significant (p < 0.05) different.
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DISCUSSION

It is interesting to mention that, the phenolic and
flavonoids contents depend on the cultivar, growing
region, climate, maturity, cultivation practice, storage
conditions and method used to obtain the juice (Poyr-
azoglu et al., 2002). These compounds are well known
for their properties to scavenge free radicals and to in-
hibit lipid oxidation in vitro (Noda et al., 2002).

It would clarify that the higher extracting of pheno-
lic compounds may be due to their higher polarity of the
applied solvent (ethanol 80%) and the good solubility
for phenolic components from plant materials (Wieland
et al., 2006).

The increase of phenolic content could be attrib-
uted to the higher extractability of these compounds
in irradiated samples because of alterations in cellular
compounds and release of bound or insoluble phenolics
especially at high doses of irradiation (Behgar et al.,
2011).

This significant increase in TPC and TFC could
be attributed to the degradation of tannins present
in RBR and RBL powder, having higher molecu-
lar weight into the release of simple phenolic com-
pounds like Gallic acid, and Tannic acid. Irradiation
may break this complex to facilitate a release of ac-
tive ingredients, which were contributed to increas-
ing the total phenolic content (Kumari et al., 2009).
The enhanced antioxidant capacity/activity of a plant
after irradiation is mainly attributed either to enzyme
activity increase (e.g. Phenylalanine ammonia-lyase
and peroxidase activity) or to the extractability in-
crease from the tissues extractability by depolymer-
ization and dissolution of cell wall polysaccharides
by the irradiation (Alothman et al., 2009).

The current results exhibited that the highest an-
tioxidant activity of RBR and RBL may be referred
to their high content of phenolic compounds; this
phenomenon is in a good agreement with Heim e#
al. (2002) The extract is capable of scavenging free
radicals, thus preventing the initiation and propaga-
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tion of free-radical-mediated chain reactions. This
can be beneficial in the preservation of foodstuffs,
drug products and cosmetics, where free radical-me-
diated chain reactions result in lipid oxidation and
subsequent deterioration of the products (Dastmal-
chi et al., 2008).

The antioxidant activity is due to the presence
of polyphenols or Gallic acid. As mentioned earlier,
this increase in total phenolics and flavonoids was
thus suggestive of their enhanced antioxidant prop-
erties. Kumari et al. (2009) also showed similar
results with Triphala, wherein they have found out
an increase in Gallic acid concentration and total
phenolics in the water extract due to irradiation that

leads to increase in the antioxidant property.

Radiation treatments have been shown to either
increase or decrease the antioxidant content of fresh
plant products, which is dependent on the dose deliv-
ered, exposure time and the raw material used. The
enhanced antioxidant capacity/activity (correlation
with the total phenolic content accordingly antibac-
terial activity) of a plant after irradiation is mainly
attributed either to increase enzyme activity (e.g.,
phenylalanine ammonia-lyase and peroxidase activ-
ity) or to the increased extractability from the tis-
sues (Bhatt ez al., 2007). Also, as mentioned earlier,
the increase or decrease in antioxidants (correlation
with the total phenolic content) of irradiated samples
might also be dependent on the solvents used for ex-
traction (Khattak et al., 2008).

However, depending on the technological crite-
ria and the specific type of produce, the mechanism
of increase or decrease in antioxidant compounds
might vary. For instance, quantitative differences
in the constituents of nutmeg oil, as well as an in-
creased amount of phenolic acids, were detected
after y-irradiation, which was attributed to the deg-
radation of tannins and consequently higher extract-
ability of phenolic acids (Variyar et al., 1998).

The decrease in antioxidants caused in acetone
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80% extracts of the irradiated RBL at 3, 6, 9 and 12
kGy compared BHT could be attributed in general,
to the formation of radiation-induced degradation
products or the formation of free radicals (Sajilata
and Singhal, 2006). Breitfellner et al. (2002) re-
ported that y-irradiation (1-10 kGy) of strawberries
lead to the degradation of phenolic acids like cin-
namic, p-coumaric, gallic, and hydroxybenzoic ac-
ids. The hydroxylation (decomposition) of these
phenolic acids has been attributed to the formation
of free hydroxyl (OH-) radicals during the treatment.

The results indicated that there was a correlation
between the ferric reducing antioxidant power and
phenolic contents of the extracts. This emphasizes
the importance of phenolic contents in reducing
power observed in this study, and this may be due to
their potent electron donating abilities (Bilot et al,
2012).

Red beet root has antibacterial activity towards
Gram-positive and Gram-negative bacteria. Inhibi-
tion zone, which had strong activity was > 20 mm
while, the moderate activity was in inhibition zone
<20 to 12 mm and no inhibition zone was < 12 mm
(Ait-Ouazzou et al., 2011). However, Gram-positive
bacteria, e.g., S. aureus and B. cereus represented
less resistance compared to Gram-negative bacteria,
e.g., E. coli and S. typhimurium in the present study.
Beet root had a higher content of phenols (Baydar
et al., 2004 and Canadanovic-Brunet et al., 2011).
These concluded data are in the same trend with
John et al. (2017) who found that betanin and iso-

betanin had antimicrobial activity.

In addition, some other components like fla-
vonoids, tannins and saponins. Whereas, phenolic
compounds possess high levels of antimicrobial ac-
tivity. Phenolic compounds affect mainly the cellular
membranes, altering their function and in some in-
stances their structure, causing swelling and increas-
ing their permeability. The increases in cytoplasmic
membrane permeability appear to be a consequence
of'the loss of the cellular pH gradient, decreased ATP

levels, and the loss of the proton motive force, which
lead to cell death.

The inhibition of microorganisms by phenolic
compounds may be due to iron deprivation or hy-
drogen bonding with vital proteins such as microbial
enzymes (Scalbert, 1991). Phenolic compounds no-
tably proanthocyanidins (often called condensed tan-
nins) are vulnerable to polymerization in air through
oxidizing reactions. Therefore, an important factor
governing their toxicity is their polymerization size.
Oxidized condensation of phenols may result in the
toxification of microorganisms.

On the other hand, polymerization can result in
the detoxification of phenols (Field and Lettinga,
1992). These support the fact polyphenols may be
responsible for the antimicrobial activities of the ex-
tracts of the screened plants.

Another study conducted on ciprofloxacin (Al-
Mohizea et al., 2007) showed that antimicrobial
activity was not affected by gamma-irradiation treat-
ment up to 100 kGy. The difference in antibacterial
activity may suggest some chemical changes in the
structure of active compounds upon irradiation at
comparatively higher doses, i.e. 25 kGy.

Generally, this study indicates that extracts ob-
tained from red beet leaves and roots possess con-
siderable amounts of phenolic, flavonoid contents,
antioxidant, antibacterial activities and significant
radical scavenging activity towards both DPPH and
FRAP assay. Results exhibited a positive relation-
ship between the antiradical activities of beet leaves
and roots and the contents of total phenolics and fla-
vonoids. Moreover, gamma irradiation doses up to
9 kGy can improve the antioxidant activity of red
beet leave and root ethanol extracts which might be
a potent source of antioxidants, and has potential as
a value-added ingredient for functional foods. In fu-
ture studies, it would be desirable to employ such
experimental conditions that can more specifically
reflect the in vivo antioxidant activities of the ob-
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tained extracts.
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