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Abstract

This study aimed to screen the chemical constituents of Aizoon canariense collected from North Eastern Desert (Wadi
Hagul), Egypt, and evaluate its the antioxidant and allelopathic potential. Proximate composition and mineral content were
calculated. Total phenolics, flavonoids, alkaloids, and tannins were determined. Antioxidant activity was evaluated based on
2,2-diphenyl-1-picrylhydrazyl (DPPH) radicle scavenging. A. canariense has a considerable amount of the proximate
composition as well as macro- and micro-minerals. However, A. canariense attained high content of various secondary
metabolites (phenolics, tannins, flavonoids and alkaloids). In the DPPH test system, the IC,  value of the antioxidant
inhibition for A. canariense was 0.74 mg ml™. The germination percentage, shoot and root length of Zea mays and two
associated weeds (P. oleracea and A. lividus) were reduced in a concentration-dependent manner. At higher concentration
40 g I inhibited the germination of Z. mays, P. oleracea and A. lividus by about 24.56%, 88.70% and 100%, plumule length
was reduced by 39.54%, 76.64% and 95.68%, while root length was inhibited by 43.90 %, 100% and 100 %, for Z. mays, P.
oleracea and A. lividus, respectively. From the data obtained, we concluded that the integration of allelopathic substances
in agricultural management may reduce pesticide development and environmental degradation, as well as A. canariense can

be used as a natural resource of antioxidants.

Key words: Aizoon canariense, Aizoaceae, phytochemical, phytotoxicity, antioxidant, Desert, Egypt.

Introduction

Arid and semi-arid habitats cover over 90% of Egypt’s
territory amalgamating disparate environmental
ecosystems. Egypt’s deserts comprise different ecological
units (ecosystems), namely: Wadis, mountains, plains,
rocky ridges, sand dunes, salt marshes, reed swamps,
and mangrove swamps. The Eastern Desert of Egypt
occupies the area extending from the Nile Valley
eastward to the Gulf of Suez and the Red Sea which is
about 223,000 km?, i.e. 21% of the total area of Egypt,
and is mainly formed of xerophytic shrubs and sub-shrubs
(Zahran, 2010). The Eastern Desert of Egypt extends
between the Nile Valley and the Red Sea. The wadi
habitat in the Eastern Desert has distinctive features
including a characteristic plant cover. It has the great
merit of being a drainage system collecting water from

*Author for correspondence : E-mail : m.aglaam@yahoo.com

an extensive catchment area. Wadi Hagul is an extensive
wadi occupying the valley depression between Gebel
Ataga to the north and the Kahaliya ridge to the south.
Its main channel extends for about 35 km and collects
drainage water on both sides. The vegetation of Wadi
Hagul has distinctive features including a characteristic
plant cover (Zahran and Willis, 2009; EI-Amier and Abdul-
Kader, 2015).

The xerophytic vegetation is by far the most important
and characteristic type of the natural plant life in Egypt’s
deserts. Its communities cover vast areas of the wadis,
desert plains and mountains (Youssef et al., 2009;
Batanouny, 2013). In Egypt, the efforts have directed
towards the utilization of renewable resources of the
cultivated and non-cultivated areas to produce more food
and forage. Such efforts would be more successful and
fruitful if they are based on previous knowledge of the
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environmental characteristics comprising soil, climate,
vegetation, animal and human interference (Zahran and
El-Amier, 2013).

The family Aizoaceae (Ice plant family) comprises
127 genera and 1860 species distributed in tropics and
sub-tropics of South Africa and rarely in Australia
(Leistner, 2000). They are commonly known as stone
plants or carpet weeds (Bittrich and Hartmann, 1988).
In Egypt, it is represented by 9 species included in 8
genera viz., Aizoon, Mesembryanthemum, Sesuvium,
Trianthema and Zaleya (Boulos, 1999). All species are
considered succulent but cover a wide range of life styles
from pebble-like leaf succulents to small succulent shrubs.
Distinctive seed capsules are valuable for identifying
species. Aizoon was described by Linnaeus in 1753 to
accommodate three species originating from the African
region. Since this date, the number of described species
in this genus has increased to about 20 (Dyer, 1975).
Aizoon canariense L. is prostrate, thick-stemmed annual
or perennial herb, with stems up to 40 cm long, often
papillose. Leaves subcircular to obovate, entire, decurrent
at base, pilose. Flowers are solitary and sessile, perianth
segments yellowish inside, greenish or reddish and pilose
outside. Fruit are red or pink, star-shaped, depressed in
the middle (Bolous, 1999).

Many plant species that supply 90% of the world’s
food, fodder, fiber, drugs etc. were domesticated from
wild plants found in the tropics (Myers, 2019). However,
the existing wild plant in the deserts, remain interesting
to plant ecologists, agronomists and genetic engineers to
develop new crop strains; some of them may become
important sources of various biological activities including
antioxidant, allelopathic (Abd EI-Gawad et al., 2018a&b;
Elshamy et al., 2019), antifungal, antibacterial, antiviral
(El-Amier et al., 2014; Alghanem and El-Amier, 2017,
El-Amier and Abo Aisha, 2019), anti-inflammatory (Tohidi
et al., 2017) and insecticidal (Castillo et al., 2017)
activities. In addition, the wild plant is a good source of
food preservation industries, livestock fodder (Zahranand
El-Amier, 2013), fibers (Zahran and EI-Amier, 2014),
drugs (Zaki et al., 2016a & b, 2017, 2018), fragrance
industries, and agro-industrial (Zuin and Ramin, 2018;
Alzuaibr et al., 2020). This research aims to determine
the phytochemical constituents and antioxidant activity
of aerial parts of Aizoon canariense collected from the
North Eastern Desert (Wadi Hagul) in Egypt, as well as
to assess the allelopathic potential against some dispraised
weeds (Portulaca oleracea L. and Amaranthus lividus
L.) associated with Zea mays L. as an important food
and forage crop in Egypt.

Materials and Methods
Preparation of plant material

Aizoon canariense L. aerial parts were collected at
a vegetative stage from different sites from Wadi Hagul,
North Eastern Desert, Egypt. The identification of species
was made according to Boulos (1999). The aerial plant
parts washed with distilled water several times and were
dried at room temperature. The dried sample was ground
into a powder using a blender and preserved in a
polyethylene bag in a refrigerator until use.

Phytochemical analysis

The moisture content, dry matter, crude fibre, ether
extract, ash and crude protein (CP) of A. canariense
sample was analyzed according to AOAC (1995). The
total nitrogen was determined by the Kjeldahl method
(Pirie, 1955). The method of extraction of different
carbohydrate fractions adopted in this investigation was
essentially that of Yemm and Willis (1954) and Handel
(1968). 0.1 g of air-dried sample was submerged
overnight in 10 ml of 80% (v/v) ethanol at 25 °C with
periodic shaking. The ethanolic mixture was filtered and
the ethanolic filterate was made up to volume and kept in
refrigerator for analysis of different sugar fractions.
Glucose was determined based on the method of Feteris
(1965). Sucrose was determined according to Handel
(1968). Total soluble sugars were estimated by the method
of Southgat (1991). The total carbohydrate content of
plant sample was calculated by “difference”, in this, the
sum of the percentages of all the other proximate
components was subtracted from 100 (AOAC, 1995).

The method of extraction of different elements in
the present study was described by Allen et al., (1974).
Sodium (Na*) and potassium (K*) were determined in
the sample by Flame Photometer (Model PHF 80 B
Biologie Spectrophotometer), while calcium (Ca?*), and
magnesium (Mg?*) were estimated using atomic
absorption spectrometer (Perkin-Elmer, Model 2380.USA
). These elements were expressed as mg/g dry weight.

Quantitative estimation of some secondary
compounds

The total phenolics content was quantitatively
estimated spectrophotometrically according to Chlopicka
et al., (2012) methods. The alkaloid was extracted with
10% acetic acid in ethanol and determined based on Joshi
et al., (2013) method, while the total flavonoid content
was determined according to Stankovic (2011).

Antioxidant activities

Antioxidant activity was determined in methanolic
extract of the dried plant as described by Kosem et al.,
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(2007) with slight modifications as follows: about 20 g of
powdered samples were extracted with 200 ml of
methanol 50% for a week at room temperature. The
extract was then collected and filtered through Whatman
No.1 filter paper in a Buchner funnel under vacuum.
Antioxidant activity was determined by using a stable
free radical (1,1-diphenyl-2-picrylhydrazyl) DPPH
(Miguel, 2010). Briefly, 2 ml of 0.15 mM DPPH was
added to 2 ml of plant extracts in different concentrations
(100-1000 ppm). A control was prepared by adding 2 ml
of DPPH to 2 ml solvent. The mixture was kept in the
dark at 37 °C for 30 min. The absorbance was recorded
at 517 nm, and the IC_ was calculated graphically. The
antioxidant activity was expressed as:

1- (A sample
% Radical scavenging activity = ------------------- x 100
A control

Allelopathic activity

The seeds of Zea mays and two associated weeds
(Portulaca oleracea and Amaranthus lividus) were
collected from cultivated fields in Mansoura city, Al-
Dakahlia Governorate, Egypt. Uniform and ripened seeds
were sterilized by soaking for 3 min in NaOCI (0.3%),
then washed by sterile-distilled water three times and
dried on sterilized Whatman cellulose filter paper and
kept in sterilized bottles until further use.

In order to test the phytotoxic activity, two layers of
Whatman No. 1 filter paper were placed in 7 cm diameter
glass Petri dishes. In each petri-dish 20 seeds were placed
and 4 ml of each plant extract added in a concentration
of 5, 10, 20 and 40 mg ml? and incubated in the growth
chamber at 27°C (Abd EI-Gawad and EI-Amier, 2015).
After 4 days, rate of germination and the percentage of
inhibition were calculated. Meanwhile, the length of
radicle and plumule was measured for each replicate after
14 days of treatment. The experiment was designed with
three replications for each treatment and was repeated
two times.

% Inhibition percentage = [(CG — TG /CG) x100]
% Growth inhibition = [(LC — LT)/LC) x100]

where, CG: germination rate in check treatment, TG:
germination rate in extract treatment, LT: shoot or root
length of powder treated weed, LC, shoot or root length
of untreated check weed and crop test plants.

Results and Discussion

Nutritional value determinations

Plants have great importance due to their nutritive
value and continue to be a major source of medicines as
they have been found throughout human history (Balick

and Paul, 1996; Shulz et al., 2001). Dietary fiber is
associated with impaired nutrient utilization and reduced
net energy values. However, fiber has to be included in
the diet to maintain normal physiological functions in the
digestive tract of animals (Noblet and Le Goff, 2001;
Lindberg, 2014). Determining the dry matter content of
feed provides a measure of the amount of a particular
feed that is required to supply a set amount of nutrients
to the animal. The dry matter of plant consists of all its
constituents excluding water (Phillips, 2018). In the
present study, A. canariense attained total ash (8.37%),
moisture content (11.76%), dry matter (88.24%) and
crude fiber (7.66%) (Table 1). By comparing these results
to that for other plant species of the Egyptian flora, the
nutritive value of A. canariense agree with those
mentioned by El Shaer (2010), Zahran and El-Amier
(2013), but lower than those reported by Tawfik et al.,

Table 1: Chemical composition of Aizoon canariense.

Constituents analysis Concentration
Moisture content % 11.76x047
Dry matter % 88.24+3.53
Total ash % 8.37+0.33
Crude fiber % 7.66+0.31
Crude lipid % 2534010
Crude protein % 1154046
Total nitrogen % 1.84+0.07
Carbohydrates (mggtdrywt.)
Glucose 2.84+0.11
Sucrose 431+0.17
Total soluble sugar 2657+1.06
Total carbohydrates 69.94+2.80
Macro-elements (mg/100g dry wt.)
Na* 2.28+0.52
K* 435174231
Ca** 135.36+1.67
Mg** 34.82+0.99
(2015).

The fodder crop must have high biomass, digestibility
and palatability for animals. They contain high proteins,
carbohydrates, low oxalate, fibre and ash content, while
minerals and vitamins from comparatively a smaller part,
plant materials form major portion of the diet; their
nutritive value is important (El Shaer 2004; Indrayan et
al., 2005). In the present study, A. canariense attained
crude protein (11.5 %) and crude lipid (2.53%), (Table
1). Comparing with the other studies, the selected plant
species showed relatively comparable percentage of
crude protein with the studies of Heneidy and Bidak (2003)
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and Zahran et al., (1999). While, the lipid contents were
quite low similar to that reported by Zahran et al., (1999)
and El-Halawany et al., (2002), but not agree with that
reported by Heneidy and Bidak (1996) and Omar (2006).

The crude protein is viewed classically as an indicator
of the nutritional value of plants as food for ruminants
(Bryant et al.,, 1983). Although lipids are a concentrated
source of energy, they do not constitute a major source
of energy from forages (Chesworth, 1996). Nevertheless,
forage with high lipid content may be an asset in satisfying
the energy requirements of animals when other sources
are limited.

Regarding glucose content (2.84 mg g* dry wt.) was
determined in A. halimus with sucrose (4.31 mg g* dry
wt.) and total soluble sugars (26.57 mg g* dry wt.) in
appropriate quantities in the current study (Table 1). These
results are relatively comparable to that obtained by
Fernandes and Waditake (2006) on Trifolium
alexandrinum and Hafiza et al., (2002) on Medicago
sativa.

Jeroch et al., (1999) reported that optimal content of
carbohydrate is 8-10% for producing high-quality silage,
accordingly, most of the selected forage weeds may be
considered as a good fodder species. The total
carbohydrate (69.94 mg g! dry wt., H” 7%) which
provides the plant itself and animal by the energy was
represented by higher value than that the study of
Alzuaibr (2019) and relatively comparable to that study
of El-Kady (1987) and EI-Amier and Ejgholi (2014). The
desert grazing sheep, camels, and goats require fodder
plants with improved nutritional values particularly during
the long-lasting dry seasons; this will increase the average
annual animal production by more than 25% (Attia-Ismail,
2016). Attempts are made to use the marginal sources,
for example, saline soils and underground water for
producing unconventional fodder ingredients (Attia-Ismail,
2016).

The concentrations (mg/g dry weight) of the measured
macro-elements in A. canariense are as shown in Table
1. The sequence of macro-minerals in A. canariense is:
K (4.35) > Ca (1.35) > Mg (0.35) > Na (0.02). Minerals
play arole in four types of functions in animals: structural,
physiological, catalytic, and regulatory (Suttle, 2010). The
ARC (1980) system and NRC (2001) system, reported
that the requirement for mineral nutrients for gestating
beef cows or lactating beef cows is 0.038, 0.016, 0.003
and 0.068 mg g* for K, Ca, Mg and Na, respectively.
Deficiency or excess of dietary mineral elements may
cause animal production and health concerns; therefore,
mineral elements balance is very important to keep animal
health (Silva et al., 2015).

Quantitative determination of some secondary
compounds

Plants are a major source of complex and highly
structurally  diverse  chemical compounds
(phytochemicals), this structural diversity attributed in part
to the natural selection of organisms producing potent
compounds to deter herbivory (feeding deterrents). Major
classes of phytochemical include phenols, polyphenols,
tannins, terpenes, and alkaloids (Crozier et al., 2006;
Dang and Van Damme, 2015). In the present study, the
phytochemical screening of A. canariense reveals that
they are good sources of natural products (Fig. 1). A.
canariense contained high contents of tannins (28.46
mg g dry weight), While contained relatively contents
of phenolics (18.42 mg g* dry weight), flavonoids (9.82
mg g dry weight) and of alkaloids (6.66 mg g dry
weight). These results are comparable with those of
common desert plant (Hariprasad and Ramakrishna, 2011;
El-Amier and Abdullah, 2014; EI-Amier and Abo Aisha,
2019).

The report published by El Shaer and Attia-Ismail
(2015) revealed that the majority of annual desert plants
are low palatability as they produce little phytomass.
However, any evaluation of plant depends on their
performance both in the biological as well as its economic
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Fig. 1: The concentration of different active constituents in
mg g dry weight in Aizoon canariense.

input (El Shaer and Attia-Ismail 20015).
Antioxidant activity

The evaluation of the antioxidant activity of the
different plant extracts is shown in (Table 2). By
increasing the plant extract concentration; there was a
corresponding continuous increase in scavenging activity.
At 1000 g ml?, the extract showed scavenging activities
of 54.52% while, the lowest concentration (100 pg mi?)
showed the lowest antioxidant activity (12.24%). The
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IC,, value of A. canariense extract was 0.74 mg ml*
compared to standard catechol (0.15 mg ml?). These
results suggest that methanol extract of A. canariense
has an obvious effect on scavenging of DPPH radical
(1C,,<1 mg ml*). Similar results were reported by Phoboo
et al., (2015) on same species, ElI-Amier and Abo Aisha,
2019; Alzuaibr et al.,, 2020 and Salem et al., (2016) on
some xerophytes. The powerful antioxidant activity of
shoot extract can be attributed mainly due to secondary
compounds (Juan and Chou, 2010). Nowadays, wild
plants are gaining popularity in developing countries as a
medicinal food. Although medicinal plants may cause
many biological activities in humans, very few are known.
Although previous studies have shown that important

Table2: Percentage of DPPH radical scavenging activity and
IC,, values of methanolic extracts of Aizoon

canariense.
Treatment Concentration [Scavenging IC,,
(Mg mIY) [ activity (%) | (mg mlY)
Aizoon canariense 1000 54524261 0.74
800 51.68+1.87
600 49.88+1.22
400 47.67+0.98
200 20.16+0.60
100 12.24+0.18
Catechol 0.15

Values are means * standard error of triplicates. IC,: the amount of
sample necessary to decrease the absorbance of DPPH by 50%.

bioactive materials are present in methanol extract
(Akowuah et al.,, 2002).

Allelopathic activity

The germination percentage of Zea mays and two
associated weeds (P. oleracea and A. lividus) were
reduced under the effect of different concentrations (2.5-
40 g IY) of A. canariense extract. The degree of inhibition
was significantly increased in a concentration-dependent
manner. Zea mays were more resistant to the allelopathic
effect of the extract than the two other weeds at 4 DAT
(Fig. 2 & 3).

The methanol extract of A. canariense at 40 g I
inhibited the germination of Z. mays, P. oleracea and A.
lividus by about 24.56%, 88.70% and 100%, while the
lowest concentration (2.5 g I') inhibited the germination
by 16.95%, 40.80% and 73.19%, respectively (Fig. 2).
However, the plumule length was reduced by 39.54%,
76.64% and 95.68%, while the lowest concentration
reduce the plumule length by 14.65%, 28.65% and
35.89%, respectively. The root was more sensitive to the
allelopathic effect compared to the shoot, where it was
inhibited by 43.90 %, 100% and 100 %, for Z. mays, P.

oleracea and A. lividus, respectively, compared to control
(Fig. 4). The allelochemicals may have phytotoxicity or
stimulation depend on the nature and concentration of
the compound, abiotic and biotic soil factors, the assay
species, and physical/climatic factors (Abd El Gawad et
al., 2018a). Similar results were reported by Salem et
al., (2016), ElI-Amier and Abo Aisha (2019) and Alzuaibr
et al., (2020) on some desert plants.

From these results, the allelopathic effect of A.
canariense could be attributed to several bioactive
compounds that act in a synergistic manner or to
compounds which regulate one another such as a
flavonoid, phenolic acids, alkaloids, and tannins. Previous
investigation of A. canariense revealed that the presence
of gallic acid, chlorogenic acid, caffeic acid,
protocatechuic acid and cinnamic acid (Phoboo et al.,
2015). Therefore, the reduction in the seedling growth of
Z. mays, P. oleracea and A. lividus in this study may be
attributed to reduction in cell division of the seedlings,
altering the ultrastructure of the cells as well as led to
alteration of the ion uptake, water balance, phytohormone
balance, photosynthesis, respiration and inactivate several
enzymes (Li et al., 2010; Fahmy et al., 2012). Generally,
the extract of A. canariense showed more allelopathic
activity against the tested weeds (P. oleracea and A.
lividus) compared to the forage crop (Z. mays), where
this may be useful in weed management at the field
=20 r —&— Zea mays

—=— Portulaca oleracea
100 —&— Amaranthus lividus
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Fig. 2: Allelopathic effect of different methanol extracts from
Aizoon canariense aerial parts on the seed germination
inhibition percentage of Zea mays and two associated
weeds after four days of treatment.

application.

Conclusion

The current study revealed that Aizoon canariense
has appropriate amount of the proximate composition as
well as macro- and micro-minerals. Based on A.
canariense attained high content of various secondary
metabolites (phenolics, tannins, flavonoids, and alkaloids),
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Fig. 3: Allelopathic effect of different methanol extracts from
Aizoon canariense aerial parts on the plumule and
radicle growth inhibition percentage of Zea mays and
two associated weeds after fourteen days of treatment.

and therefore can be considered a good source of natural
antioxidant. In our study, germination of Zea mays and
two associated weeds were inhibited under treatment of
A. canariense methanolic extracts at 40 g ml™.
Moreover, both radicle and plumule were strongly inhibited
under the same treatment. Zea mays were more resistant
to the allelopathic effect of the extract than the two other
weeds. Therefore, this species can be used in the method
of biological control of weeds. Also, further studies are
required to identify and characterize the proper
allelochemicals and demonstrate their modes of action.

References

Abd El Gawad, A.M., Y.A. El Amier and G. Bonanomi (2018 a).
Allelopathic activity and chemical composition of
Rhynchosia minima (L.) D C. essential oil from Egypt.
Chemistry & biodiversity, 15(1):.e1700438.

Abd El Gawad, A.M., Y.A. El Amier and G. Bonanomi (2018 b).
Essential oil composition, antioxidant and allelopathic
activities of Cleome droserifolia (Forssk.) Delile. Chemistry
& biodiversity, 15(12): p.e1800392.

Abd El-Gawad, A.M. and Y.A. El-Amier (2015). Allelopathy
and potential impact of invasive Acacia saligna on plant
diversity in Deltaic Mediterranean coast of Egypt.
International Journal of Environmental Research, 9(3):
923-932.

Abd-El Gawad, A.M., A.l. Elshamy, Y.A. EI-Amier, A.G El Gendy,

S.A.Al-Barati, B.A. Dar, S.L. Al-Rowaily and A.M. Assaeed
(2019). Chemical composition variations, allelopathic, and
antioxidant activities of Symphyotrichum squamatum
(Spreng.) Nesom essential oils growing in heterogeneous
habitats. Arabian Journal of Chemistry, 12(6): in press.

ARC, Agricultural Research Council (Great Britain), and
Commonwealth Agricultural Bureaux. (1980). The nutrient
requirements of ruminant livestock: technical review (No.
2).CAB Intl..

Akowuah, G. A., A. Sadikun and A. Mariam (2002). Flavonoid
identification and hypoglycaemic studies of the butanol
fraction from Gynura procumbens. Pharmaceutical
Biology, 40(6): 405-410.

Alghanem, S.M. and Y.A. EI-Amier (2017). Phytochemical and
biological evaluation of Pergularia tomentosa L.
(Solanaceae) naturally growing in arid ecosystem.
International Journal of Plant Science and Ecology, 3:
7-15.

Allen, S.E., H.M. Grimshaw, J.A. Parkinson, C. Quarmby and

J.D. Roberts (1974). Chemical Analysis of Ecological
Materials. Blackwell Scientific Publ. Osney, Oxford, London.

Alzuaibr, F.M. (2019). Potential use of Atriplex halimus L.
shrubbery as fodder in the arid zone. Bioscience Research,
16(3): 2781-2786.

Alzuaibr, F.M., Y.A. El-Amier and S.A. Al-Barati (2020).
Phytochemical screening, antioxidant, and allelopathic
activities of Diplotaxis harra crude extracts. Plant
Archives, 20(1): in press.

AOAC, Association of Official Analytical Chemists (1995).
Official Methods of Analysis: Changes in Official Methods
of Analysis Made at the Annual Meeting. Supplement
(Vol. 16). Association of Official Analytical Chemists.
Arlington, Virginia, USA.

Attia-Ismail, S.A. (2016). Nutritional and feed value of
halophytes and salt tolerant plants. Squires halophytic
and salt-tolerant feedstuffs, impacts on nutrition,

physiology and reproduction of livestock. CRC Press, Boca
Raton, 106-126.

Balick, M.J. and C.A. Paul (1996). Plants that heal; people and
culture: The science of ethno botany. Scientific American
library, 73: 25- 61.

Batanouny, K.H. (2013). Plants in the deserts of the Middle
East. Springer Science & Business Media.

Bittrich, V. and H.E. Hartmann (1988). The Aizoaceae-a new
approach. Botanical journal of the Linnean
Society, 97(3): 239-254.

Boulos, L. (1999). Flora of Egypt, Vol. 1. Al Hadara Publishing,
Cairo, Egypt.

Bryant, J.P., F.S. Chapin Il and D.R. Klein (1983). Carbon/
nutrient balance of boreal plants in relation to vertebrate
herbivory. Oikos, 357-368.

Castillo, R.M., E. Stashenko and J.E. Duque (2017). Insecticidal
and repellent activity of several plant-derived essential



Phytochemical constituents, antioxidant and allelopathic activities of Aizoon Canariense L. on Zeamays (L.) 309

oils against Aedes aegypti. Journal of the
American Mosquito Control Association., 33(1): 25-36.

Chesworth, J. (1996). Ruminant nutrition in tropical areas.
Maisonneuve et Larose Publisher, France, 263.

Chlopicka, J., P. Pasko, S. Gorinstein, A. Jedryas and P. Zagrodzki
(2012). Total phenolic and total flavonoid content,
antioxidant activity and sensory evaluation of
pseudocereal breads. LWT - Food
Science and Technology, 46: 548-555

Crozier, A., M.N. Clifford and H. Ashihara (2006). Plant
Secondary Metabolites: Occurrence, Structure and Role
in the Human Diet, Chapters 1, 3 and 4. Oxford, UK:
Blackwell Publishing Ltd, 1-24, 47-136.

Dang, L. and E.J. Van Damme (2015). Toxic proteins in plants”.
Phytochemistry, 117: 51-64.

Dyer, R.A. (1975). The genera of Southern African plants, vol.
1: Dicotyledons. Botanical Res Ins Pretoria.

El Shaer, H.M. (2004). Potentiality of halophytes as animal
fodder under arid conditions of Egypt. Rangeland and
pasture rehabilitation in Mediterranean areas. Cahiers
Options Méditerranéennes, 62: 369-374.

El Shaer, H.M. (2010). Halophytes and salt-tolerant plants as
potential forage for ruminants in the Near East region.
Small Ruminant Research, 91(1): 3-12.

El Shaer, H.M. and S.A. Attia-Ismail (2015). Halophytic and
Salt Tolerant Feedstuffs in the Mediterranean Basin and
Arab Region: An Overview. In Halophytic and Salt-
Tolerant Feedstuffs. CRC Press, 47-62.

El-Amier Y.A. and A.A. Ejgholi (2014). Fodder potentialities of
three halophytes naturally growing in Egypt. Journal of
Environmental Sciences, 43: 647-662.

El-Amier, Y.A. and O.M. Abdul-Kader (2015). Vegetation and
species diversity in the northern sector of Eastern Desert,
Egypt. West African Journal of Applied Ecology, 23(1):
75-95.

El-Amier, Y.A. and T.J. Abdullah (2014). Allelopathic effect of
four wild species on germination and seedling growth of
Echinocloa crus-galli (L.) P. Beauv. International Journal
of advanced research, 2: 287-294.

El-Amier, Y.A. and I.A. Abo Aisha (2019). Phytochemical
constituents of common growing Fagonia species
(Zygophyllaceae) in Egyptian deserts and its biological
activities. Plant Archives, 19(2): in press.

El-Amier, Y.A., A.M. Abdelghany and A. Abed Zaid (2014).
Green synthesis and antimicrobial activity of Senecio
glaucus mediated silver nanoparticles. Research Journal
of Pharmaceutical, Biological and Chemical Sciences,
5(5): 631-642.

El-Halawany, E.F., 1. A. Mashaly and G. Omar (2002). Economic
potentialities of some plants growing naturally in the Nile
Delta region, Egypt. Egyptian Journal of Desert Research,
52:21-35.

El-Kady, H.F. (1987). A study of range ecosystems of the

Western Mediterranean Coastal Desert of Egypt. PhD
Thesis, Berlin, Techn. Univ. German.

Elshamy, A.l., A.M. Abd ElGawad, Y.A. El Amier, A.E.N.G. El
Gendyand S.L. Al Rowaily (2019). Interspecific variation,
antioxidant and allelopathic activity of the essential oil
from three Launaea species growing naturally in
heterogeneous habitats in Egypt. Flavour and Fragrance
Journal, 34(4): 1-13.

Fahmy, GM., N.A. Al-Sawaf, H. Turki and H.I. Ali (2012).
Allelopathic potential of Pluchea dioscoridis (L.) DC.
Journal of Applied Science Research, 8: 3129-42.

Fernandes, A.P. and S.K. Waditake (2006). Comparative
evaluation of berseem (Trifolium alexandrinum) varieties
for yield and fodder quality. Animal Feed Science and
Technology, 6: 301-306.

Feteris, A.W. (1965). A Serum Glucose Method without Protein
Precipitation. American Journal of Medical Technology,
31:17-21.

Hafiza, M.A., B. Parveen, R. Ahmad and K. Hameid (2002).
Phytochemical and antifungal screening of Medicago
sativa and Zinnia elegans. Journal of Biological Sciences,
2:130-132.

Handel, E.V. (1968). Direct Micro-Determinations of Sucrose.
Analytical Biochemistry, 22: 280-283.

Hariprasad, P.S. and N. Ramakrishna (2011). GC-MS analysis
of Rumex Vesicarius L. International Journal of Drug
Development & Research, 3: 272-279.

Heneidy, S.Z. and L.M. Bidak (1996). Halophytes as a forage
source in the western Mediterranean coastal region of
Egypt. The Desert Institute Bulletin (Egypt).

Heneidy, S.Z. and L.M. Bidak (2003). Association Between
Calcium Oxalate Crystals and Potential Palatability of Some
Range Plant Species in the Mediterranean Coastal Region,
Egypt. Bulletin of the Faculty of Science. Assiut
University, 31(1-D): 151-163.

Indrayan, A.K., S. Sharma, D. Durgapal, N. Kumar and M. Kumar
(2005). Determination of nutritive value and analysis of
mineral elements for some medicinally valued plants from
Uttaranchal. Current science, 1252-1255.

Jeroch, H., W. Drochner and O. Simon (1999). Erndhrung
landwirtschaftlicher Nutztiere (engl.: Nutrition of livestock).
Eugen Ulmer, Stuttgart.

Joshi, A., M. Bhobe and A. Saatarkar (2013). Phytochemical
investigation of the roots of Grewia microcos Linn.
Journal of Chemical and Pharmaceutical Research, 5:
80-87.

Juan, M.Y. and C.C. Chou (2010). Enhancement of antioxidant
activity, total phenolic and flavonoid content of black soy
beans by solid state fermentation with Bacillus subtilis
BCRC 14715. Food Microbiology, 27(5): 586-591.

Kosem, N., Y.H. Han and P. Moongkarndi (2007). Antioxidant
and Cytoprotective Activities of Methanolic Extract from
Garcinia mangostana Hulls. Science Asia, 33: 283-292



310 Yasser A. EI-Amier and Oday N. Al-hadithy

Leistner, O.A. (2000). Seed plants of southern Africa: families
and genera. Strelitzia 10. National Botanical Institute,
Pretoria.

Li, Z., Q. Wang, X. Ruan, C. Pan and D. Jiang (2010). Phenolics
and plant allelopathy. Molecules, 15: 8933-52.

Lindberg, J.E. (2014). Fiber effects in nutrition and gut health in
pigs. Journal of animal science and biotechnology, 5(1):1-
7.

Miguel, M.G. (2010). Antioxidant activity of medicinal and
aromatic plants. A

Myers, N. (2019). A wealth of wild species: storehouse for
human welfare. Routledge.

Noblet, J. and G.I. Le Goff (2001). Effect of dietary fibre on the
energy value of feeds for pigs. Animal Feed Science and
Technology, 90: 35-52.

NRC (2001). Nutrient Requirements of Dairy Cattle, 7th edn.
National Academy Press, Washington, DC.

Omar, GM. (2006). Plant Life of the Different Habitats in the
North Nile Delta of Egypt: Ecology and Fodder
Potentialities PhD Thesis, Fac. Sci., Mansoura Univ., Egypt.

Phillips, C.J. (2018). Principles of cattle production, 3 Ed. CABI,
271

Phoboo, S., K. Shettyand T. EIObeid (2015). In Vitro assays of
anti-diabetic and anti-hypertensive potential of some
traditional edible plants of Qatar. Journal of Medicinally
Active Plants, 4(3): 22-29.

Pirie, N.W. (1955). Protein. In: Modern Methods of Plant
Analysis 1V, 23, Springer Verlage, Berlin. review. Flavour
Fragrance Journal, 25(5): 291-312.

Salem, N., W. Dhifi, A. Graya, F. Mnafeg, S. Gharbi, S.
Khammassi, B. Marzouk, F. Limam, Chekir and R. Ben
Chaouacha (2016). Antioxidant activity of Silybum
marianum and Ajugaiva natural dyes. International
Journal of Control, Energy and Electrical Engineering,
3:6-12.

Shulz, Volker, Rudolf, Hansel, Mark, and Blumenthal (2001).
Medicinal plants, Phytomedicines and Phytotheropy: A
physician’s guide to herbal medicine. New York, 2001, 4: 1
-39.

Silva, L.F.C., S. de Campos Valadares Filho, T.E. Engle, P.P.
Rotta, M.I. Marcondes, F.A.S. Silva, E.C. Martins and A.T.
Tokunaga (2015). Macrominerals and trace element
requirements for beef cattle. PloS one, 10(12): p.e0144464.

Southgate, D.A. (1991). Determination of Food Carbohydrates.
Elsevier Applied Science.

Stankovic, M.S. (2011). Total phenolic content, flavonoid
concentration and antioxidant activity of Marrubium
peregrinum L. extracts. Kragujevac Journal of Science,
33:63-72

Suttle, N.F. (2010). Mineral nutrition of livestock 4th edn. (CAB
International: Oxfordshire, UK).

Tawfik, M.M., W.M. Haggag, E.G. Mirvat, M.O. Kabish and

S.F. El Habbasha (2015). Determination of nutritional value
and lignocellulosic biomass of six halophytic plants grown
under saline irrigation in South Sinai. International
Journal of ChemTech Research, 8(9):37-42.

Tohidi, B., M. Rahimmalek and A. Arzani (2017). Essential oil
composition, total phenolic, flavonoid contents, and
antioxidant activity of Thymus species collected from
different regions of Iran. Food Chemistry, 220: 153-161.

Yemm, E.W. and A.J. Willis (1954). The Estimation of
Carbohydrates by Anthrone. Biochemical Journal, 57:
508-514.

Youssef, A.M., A.A. Morsy, H.A. Mossallam and A.A. Al-Latif
(2009). Vegetation analysis along Alamain-Wadi El-Natrun
desert road. Australian Journal of Basic and Applied
Sciences, 3(1):167-176.

Zahran, M.A. and Y.A. El-Amier (2014). Ecology and
establishment of fiber producing taxa naturally growing in
the Egyptian deserts. Egyptian Journal of Basic and
Applied Sciences, 1(3-4): 144-150.

Zahran, M.A. and A.J. Willis (2009). The Vegetation of Egypt.
2nd edition, Springer Publisher, Netherlands, 437.

Zahran, M.A., B.K. Mahmoud and |.A. Mashaly (1999).
Introduction of non-conventional fodders under drought
and salinity stresses of arid lands. Proceedings Workshop
on Livestock and Drought: Policies of Coping with
Changes. Desert Research Center (DRC), Cairo, 75-79.

Zahran, M.A. and A.J. Willis (2009). The vegetation of Egypt.
2nd ed. Springer Publication, 437.

Zahran, M. A.and Y.A. EI-Amier (2013).Non-traditional fodders
from the halophytic vegetation of the deltaic Mediterranean
coastal desert, Egypt. Journal of Biological Sciences,
13(4): 226-233.

Zahran, M.A. (2010). Climate-Vegetation: Afro-Asian
Mediterranean and Red Sea Coastal Lands (\ol. 4). Springer
Science & Business Media.

Zaki, A.A., Z. Ali, Y.A. El Amier and I.A. Khan (2016a). A new
lignan from Zygophyllum aegyptium. Magnetic
Resonance in Chemistry, 54(9): 771-773.

Zaki, A.A.,Z. Ali, Y.A. El-Amier and I.A. Khan (2016b). A New
Neolignan from Panicum turgidum. Natural product
communications., 11(7): p.1934578X1601100729.

Zaki, A.A., Z. Ali, Y.H. Wang, Y.A. EI-Amier, S.I. Khanand |.A.
Khan (2017). Cytotoxic steroidal saponins from Panicum
turgidum Forssk. Steroids, 125:14-19.

Zaki,A.A., S.A.Ross, Y.A.EIl-Amier and I.A. Khan (2018). New
flavans and stilbenes from Cyperus conglomeratus.
Phytochemistry letters, 26: 159-163.

Zuin, V.G. and L.Z. Ramin (2018). Green and sustainable
separation of natural products from agro-industrial waste:
Challenges, potentialities, and perspectives on emerging
approaches. In Chemistry and Chemical Technologies in
Waste Valorization (pp. 229-282). Springer, Cham.



