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Biofertilizers have many beneficial effects for environment and agriculture especially in controlling many of
plant diseases and enhancing the growth of a lot of crops. The effect of three species of red marine algae
i.e., Laurenciaobtusa, Corallina elongate and Janiarubens was evaluated to enhance the phytochemical
contents of maize (Zea mays L.) plants to improve the production and plant disease controlling. After 60
days from planting, application of single algae or their mixtures significantly enhanced the phytochemical
contents of maize plants. The application of Janiarubens increased both of whole plant nitrogen content
and protein content by 129.2% while application of Janiarubens+Corallina elongate increased the sugar
contents by 32.4% and it was the superior treatment in increasing shoot polyphenolic contents and
antioxidants content while the treatment of Corallina elongate was the superior one in increasing the shoot
polyphenolic content, shoot antioxidants and root tannic acid content. Application of the three algae gave

the highest amount in the root tannic acid content.
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INTRODUCTION

Maize (Zea mays L.) is grown in many parts of the world
for their economic importance. Zea mays is cultivated in
almost all region of the world including Africa, America,
Australia and Asia (Nurhanan et al., 2012). Maize (Zea
mays L.) is consumed by people globally and is
considered as a good nutrient (Pandey et al., 2013). Corn
silk contains protein, vitamins, carbohydrates, Ca®*, K,
Mg®* and Na’ salts, fixed and volatile oils, steroids
(sitsterol and stigmasterol), alkaloids, saponins, tannins
and flavonoid (Velazquez et al., 2005) and also contains
phytochemical components which exhibited antioxidant
activities (Ebrahimzadeh et al., 2008; Maksimovi¢ et al.,
2005). The silks were observed to contain significant
amount of polyphenol compounds. Polyphenols are
known for its antioxidant characteristics and has been
found to be rich in vegetables, fruits, herbs and other
plant sources (Pandey et al., 2013). They exhibit a wide
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Rangeof biological activities, viz., antibacterial, anti-
inflammatory, anti-allergic,hepatoprotective, antithrombic,
antiviral, anticarcinogenic and vasodialatory actions
(Middleton et al., 2000; Nardini and Ghiselli, 2003). Many
polyphenolics containing plant sources were reported to
exhibit antiradicals, antimutagenic, antibacterial and
cytotoxic effects (De Mejia et al., 1999; Kilani et al.,
2008;Pereira et al., 2007). Hybrid maize cultivars were
found to require high fertilizer rate for optimum yield
(Onasanya et al., 2009). Indiscriminate use of synthetic
fertilizers has led to the pollution and contamination of the
soil, destroyed micro-organisms and friendly insects,
making the crop more prone to diseases and reduced soil
fertility (Mishra et al., 2013).Bio-fertilizers are likely to
assume greater significance as complement and/or
supplement to chemical fertilizers in improving the
nutrient supplies to cereal crops because of high nutrient
turn-over in cereal production system, exorbitant cost of
fertilizers and greater consciousness on environmental
protection (Ahmed, 2009). Strik et al. (2004)ported that the
seaweeds extracts are effective fertilizers
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in many crops. Seaweed extracts are known to enhance
seed germination, improve plant growth, and induce
resistance to frost, fungal and insect attack and increase
nutrient uptake from soil (Mohan et al., 1994;Venkataraman
et al, 1993). Safinaz and Ragaa, (2013) reported that
application of single marine alga or its mixtures enhanced
certain growth parameters of maize plant after 60 days.
Luranciaobtuse+Aphenocapsaalbida increased the whole
plant length, dry weight, total phenol contents and
nitrogen contents by 46.3%, 96.5%, 315% and 86%
respectively. Lozano et al. (1999) stated that the
application of an extract from algae to soil or foliage
increased ash, protein and carbohydrate content of
potatoes. Phenols are very important plant constituents
because of their scavenging ability due to their hydroxyl
groups (Yu et al., 2002).

According to the recent reports, highly positive
relationship between total Phenols and antioxidant
activity was found in many plant species (Velioglu et al.,
1998; Nurhanan et al., 2012). Flavonoids can protect
against free radicals generated during photosynthesis.
Terpenoids may attract pollinators or seed dispersers, or
inhibit competing plants. Alkaloids usually ward off
herbivore animals or insect attacks (Bernhof, 2010).

The present study aimed to assess the effect of three
red algae species, i.e. Laurenciaobtusa, Corallina
elongate and Janiarubens on the antioxidant and
phytochemical contents in maize plants.

MATERIALS AND METHODS
Algae Collection and Preparation

Laurenciaobtusa was collected in May, 2012 from
shallow water beside the shore of Red Sea of Safaga,
Corallina elongate and Janiarubens were collected in
May, 2012 from shallow water beside the shore of
Mediterranean Sea at AbouQuair coast in Egypt.
After collection, algae were washed with fresh sea water
to remove the epiphytes, sand and other extraneous
matter then they were dried in shadow open air and
completing the drying process in the oven at 60°C for 5
hours. Then, dried algae were ground to fine powder by
mechanic grinder.

The algae were applied as a soil treatment at the rate
of 3 gm powdered algae/Kg soil seven days before
planting and watered twice daily.

Plant Material

Seeds of maize (Zea mays L.) cv. K-8 were surface
sterilized with ethanol 70% and washed by sterile distilled
water, then dried in shadow open air. The seeds were
planted in 30 cm diameter earthen pots containing
mixture of 1:1 autoclaved peat and sand soil. Every pot
contained 4 seeds. They watered every week.

The Treatments

1- Control, 2-Laurencia obtusa, 3-Corallina elongate, 4-
Jania rubens, 5-Laurencia obtusa + Janiarubens, 6-
Laurencia obtusa +Corallina elongate, 7-Jania rubens +
Corallina elongate, 8-Laurencia obtusa +
Janiarubens+Corallina elongate.

CHEMICAL ANALYSIS
Total Nitrogen Content

The determination of total nitrogen was carried out with
Micro-Kjeldahl method (Anonymous, 1990). Half gram of
dried and finely ground shoot and root sample was taken
in a Kjeldahl flask. Three ml of digestion mixture (H,SO, +
K»,SO,) in the ratio of 1:9 was added and followed by 20
ml of H,SO,. The sample was boiled in digestion
apparatus for 1.5 to 2hrs until the contents became clear.
The digested material was cooled and diluted up to 250
ml in a volumetric flask by adding distilled water. An
aliquot 10 ml of it was transferred to the micro Kjeldahl
distillation apparatus. It was mixed with 10 ml of 40 %
NaOH and distilled in a receiver containing 10 ml of 2 %
boric acid solution with methyl red as indicator. The
contents of the distillate were titrated against standard
sulfuric acid (N/10 H,SO,) to light pink color end point.
From the volume of acid used, percentage of nitrogen
was calculated based on ammonia liberated. Protein
content was determined by multiplied nitrogen content by
6.25.

Lipids Extraction

Two gm of samples were soaked in 20 ml chloroform—
methanol (1:1 v/v) for 48h and filtrated" the residues were
repeated soaked in (the previous solvent) chloroform—
methanol (1:1 v/v) for 48h and filtrated. The filtrates are
taken and concentrated in vacuum until drying. The
weight of the crude lipids obtained from each sample was
measured using an electronic scale (Lee et al., 2010).

Sugar Contents

Total carbohydrate contents were estimated with the
phenol—sulphuric acid method using glucose as standard
(Dubois et al., 1956).

Determination of Total Phenolic Content (TPC)

The total phenolic content (TPC) was determined by the
Folin Ciocalteu method (Singleton and Rossi, 1965). The
color intensities were measured at wavelength 765 nm by
using spectrophotometer (UV-200-RS LW Scientific) and
compared to gallicacid calibration curve, TPC expressed
as grams of gallicacid equivalents per 100 g plant extract



through the standard curve. The TPC was calculated by
comparing the absorbance with the gallic acid calibration
curve according to the formula:

TPC (mg/g) = C x V / g where;

C = concentration of the gallicacids equivalent from
standard curve (mg/mL)

V = volume of the extract used (ml)

g = weight of extract (g)

The contents were expressed as gallic acids (mg GAE/g
dry wit).

Distilled water (3.16 ml) was mixed with the 40 pl of
sample, and then 200 ul of FolinCiocalteu reagent was
added. After 5 min, 600 pl of 20 % sodium carbonate
solution was added and solutions were mixed again. The
solutions were left at room temperature for 2 hrs.

Antioxidant Capacity (DPPH Assay)

The free radical scavenging activity was carried out
calorimetrically using 1,1- diphenyl-2-picryl-hydrazyl
(DPPH) assay. The reaction mixture contained 100 pl of
test extracts and 1 ml of methanolic solution of 0.1 mM
DPPH radical. The mixture was then vigorously shaken
and incubated at 37 °C for 30 min. the color intensities
were measured at wavelength 517 nm. Lower
absorbance of the reaction mixture indicated higher free
radical scavenging activity which was calculated using
the following equation:

DPPH scavenging effect (%) = 100 x (Ao- Al) /(Ao)
Where Ao is the absorbance of the control reaction and
Al is the absorbance of reaction mixture containing
DPPH and extract at 517 nm.

The antioxidant activity of the extract was expressed as
IC50 value which is defined as the concentration of
extract that inhibits the formation of DPPH radicals by
50%. This was obtained from linear regression analysis
(Gupta et al., 2012).

Determination of Tannins (Vanillin - HCL Assay)

Samples (0.2 g) of ground parts (shoot and root) were
extracted with 10 ml of methanol for 24 hr at 30° C. One
milliliter of the resulting extract was reacted with 5 ml of
vanillin reagent (50:50 mixtures of 1% vanillin / 8% HCI in
methanol) for 20 min at 30° C, and absorbance was read
at 500 nm. For blanks, 4% HCI in methanol instead of
vanillin reagent was added to the extract, and
absorbance was also read at 500 nm.

Blank values were subtracted from experimental values
to give adjusted data. Tannic acid standard curve from
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0.0-1.0 mg/ml was used in calculating tannin levels (Earp
et al, 1981).

STATISTICAL ANALYSIS

Obtained data were subjected to analysis of variance,
and the means were compared using the "Least
Significant Differences (LSD)" test at the 0.05 level, as
recommended by Snedecor and Cohran, (1982).

RESULTS AND DISCUSSION

Laurenciaobtusa, Corallina elongate, Janiarubens and
their combinations were used to study their effect on the
phytochemicals contents of maize plants. In Vivo studies,
Table 1 showed that Janiarubens caused the best
increasing in the whole plant nitrogen content % of maize
plants (129.2%) followed by Laurenciaobtusa which
caused (81.53%) while the application of the three algae
caused the lowest value of N-content. This result is in
agreement with Strik et al., (2004) who reported that
seaweed extracts are effective fertilizers in many crops.
Also, Farfour and Hamouda, (2013) reported that
application of single marine alga or its mixture enhanced
certain growth parameters of maize plant after 60 days
from planting.

Sugar content of maize plants was determined after 60
days from sowing and the result was expressed in Figure
(1) which showed that the treatment of Janiarubens+Cora-

lina elongate caused highest sugar content (32.42%)
followed by the treatment of Corallina elongate
(30%).This result was in agreement with Lozano et al.,
(1999) who also reported that the application of an
extract from algae to soil or foliage increased
carbohydrate content of potatoes.

The results illustrated in Figure (2) cleared that both of
the treatments of Janiarubens and Laurenciaobtusa gave
the highest increase in lipid content of whole maize plants
followed by Corallina elongate + Laurenciaobtusa.

The effect of some red marine algae on the polyphenol
content of maize plants after 60 days from sowing was
cleared in Figure (3) which showed that the application of
Janiarubens + Corallina elongate gave the best results of
the  shoot  polyphenol content  followed by
Laurenciaobtuse+Janiarubens, whereas the application
of Corallina elongate gave the highest value of the root
polyphenol content followed by Laurencia obtuse +
Janiarubens. Hamouda and Farfour, 2013
statedLuranciaobtusa+ Aphenocapsaalbida increased the
whole plant length, dry weight, total phenol content and
nitrogen content by 46.3%, 96.5%, 315% and 86%
respectively.

Figure (4) illustrate the effect of red marine algae on
the content of antioxidants in the maize plants roots and
shoots content after 60 days from sowing and cleared
that Janiarubens +Corallina elongate caused the best in-
Creasing in the antioxidants in the shoots followed by
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Table 1.Effect of some algal treatments on the nitrogen content % of maize plant after 60 days from sowing.

Treatments Shoots Roots Total plants Increasing %
Control 0.4 0.3 0.7 -

Lo 0.9 0.3 1.2 81.5

Jr 1.1 0.4 1.5 129.2

Ce 0.8 0.3 11 63.1

Lo+Jr 0.8 0.3 11 70.8

Ce+tLo 0.6 0.4 0.9 47.7

Jr+Ce 0.8 0.3 1.1 67.7
Jr+Lo+Ce 0.6 0.4 1.0 53.8

Lo: LaurenciaJr:JaniaCe:Corallina

Table 2.Effect of algal treatments on the protein contents % of maize plants after 60 days from sowing.

Treatments Shoots Roots Total plant Increasing %
Control 23 1.8 4.1 -
Lo 5.4 2.0 7.3 79.8
Jr 6.8 2.6 9.3 129.3
Ce 4.8 1.8 6.6 63.0
Lo+Jr 4.9 2.0 6.9 70.6
Ce+Lo 3.8 2.2 6.0 47.1
Jr+Ce 4.8 2.0 6.8 67.7
Jr+Lo+Ce 35 2.8 6.3 53.9
Lo: LaurenciaJdr:JaniaCe: Corallina
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Figure 1.Effect of algal treatments on the sugar content of maize plants after 60 days from sowing.
Lo: LaurenciaJr:JanCe: Corallina
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Figure 2.Effect of algal treatments on lipid contents of maize plants after 60 days from

sowing.
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Figure 3.Effects of algal treatments on polyphenolic contents of Maize plants (Roots and Shoots)

after 60 days from sowing
Lo: LaurenciaJdr: JaniaCe: Corallina

Laurenciaobtusa + whereas the treatment ofCorallina
elongate gave the best results in the roots antioxidants
content followed by Laurenciaobtusa + Janiarubens.
These results were in agreement with Velioglu et al.,
(1998) and Nurhanan et al., (2012) who reported that
there is highly positive relationship between total phenols
and antioxidants activity in many plant species.

Figure (5) cleared that the application of Corallina
elongate caused the highest increase in the tannic acid
contents of maize plant shoots and roots followed by
Janiarubens +Corallina elongate, whereas the application
of the three algae gave the best results in the roots tannic

acid content
Janiarubens .

followed by Corallina elongate +

CONCLUSION

Seaweed algae have an effective role in enhancing the
phytochemical contents in maize plants. Janiarubens
gave the best results in nitrogen, protein and lipid
contents. Corallina elongate caused the best increase in
both of root polyphenolic, root antioxidants and whole
plant tannic contents while the application of Janiarubens+
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Figure 4.Effects of algal treatments on the antioxidant capacityof maize plants after 60 days from sowing.
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Figure 5.Effect of algal treatments on tannins contents of maize plants (Roots and Shoots) by modified vanillin hydrochloric

assay
.Lo:LaurenciaJr:JaniaCe:Corallina

Corallina elongate caused the highest increase in sugar
and shoot antioxidants contents.

REFERENCES

Ahmed AAS (2009). Cyanobacterial application for the
improvement of Soil fertility. M. Sc. Thesis. Botany
Dept. Fac. Sci. Beni-Suef University, Beni-Suef, Egypt.

Anonymous(1999). Official Methods of analysis of official
analytical chemistry (A.0.A.C.), Pub. By the

Association of Analytical Chemistry, Inc., Arlington,
West Virginia, USA.

Bernhof A (2010). A brief review on bioactive compounds
in plants Oslo: The Norwegian Academy of Science
and Letters, pp. 9-17.

De Mejia EG, Castafio-Tastado E, G. Loarca-Pifia
(1999).Antimutagenic  effects of natural phenolic
compounds in beans.MutationResearch. 441:1-9.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F
(1956).Colorimetric method for determination of sugars
and related substances.Anal. Chem. 28: 350-356.



Earp CF, Akingbala JO, Ring SH, Rooney LW (1981).
Evaluation of several methods to determine tannins in
sorghums with varying kernel characteristics. Cereal
Chem. 58(3):234-238.

Ebrahimzadeh MA, Pourmorad F, Hafezi S (2008).
Antioxidant activities of Iranian corn silk. Turkish J. Biol.
32:43-49.rfou

HamoudaRA, FarfourSA(2013). Enhancement the growth
and phenolic contents of Faba bean (Viciafabae L.) by
applying some biofertilizer agents. J. Food. Sci. http//:
dx. doi. Org/10.5296/jfs.v2il.

Kilani S, Sghaier MB, Kimem |, Bouhlel |, Boubaker J,
Bhouri W, Skandrani I, Neffatti A, Ammar RB, Dijoux-
Franca MG, Ghedira K, Chekir-Ghedira L(2008). In
vitro evaluation of antibacterial, antioxidant, cytotoxic
and apoptotic activities of the tubers infusion and
extracts of Cyperusrotundus.Bioresource Technology.
99:9004-9008.

Lee JY, Yoo C, Jun SY, Ahn CY, Oh HM
(2010).Comparison of several methods for effective
lipid extraction from microalgae.Bioresour. Technol.
101: 575-577.

Lozano MS, Verde Star J, Maitic PK, Orandy CA, Gaona
RH, Aranada HE, RojasGM(1999). Effect of an algal
extract and several plant growth regulators on the
nutritive value of potatoes (SolanumtuberosumL. var.
gigant)* Archives hat in oamericanosdeNuticion.
49:166-170.

Maksimovi¢c Z, Malengi¢ D, KovacevicD(2005).
Polyphenol contents and antioxidant activity of Maydis
stigma extracts.Bioresource Technology.96:873-877.

Middleton E, KandaswamiC,Theoharides TC (2000). The
effect of plants flavonoids on mammalian cells
implication for inflammation heart disease and cancer.
Pharmacol.Rev.52:673-839.

Mishra DJ, Rajvir S, Mishra UK, KumarSS(2013).Role of
bio-fertilizer in  organic  agriculture.A  Review
Res.J.Recent Sci. 2: 39-41.

Mohan VR, Venkataraman K, Murugewari R,
Muthuswami S (1994). Effect of crude and commercial
seaweed extract on seed germination and seeding
growth in Cajanuscajan L., Phykos. 33: 47-51.

Nardini M, Ghiselli A (2003). Determination of free and
bound phenolic acids in
beer.Analy.Nutri.Clin.Meth.84:137-143.

Nurhanan AR, Wan Rosli WI, Mohsin SSJ (2012).Total
Polyphenol Content and Free Radical Scavenging
Activity of Corn silk (Zea mays) hairs.SainsMalaysiana.
4,10:1217-1221.

Onasanya RO, Aiyelari OP, Onasanya A, Oikeh S,
NwileneFE,OyelakinOO(2009). Growth and Yield
Response of Maize (Zea mays L.) to Different Rates of
Nitrogen and Phosphorus Fertilizers in Southern
Nigeria. World. J. Agric. Sci. 5,4:400-407.

Pandey R, Singh A, Maurya S, Singh UP, Singh
M(2013). Phenolic acids in different preparations of

398 Int. J. Agric. Sci.

Maize (Zea mays) and their role in human health. Int. J.
Curr. Microbiol App. Sci. 2, 6:84-92.

Pereira JA,Oleiveira I, Sousa A, Valentdo P, Andrade PB,
Ferreira IC, Ferreres F, Bento A, Seabra R, Estevinho
L, (2007). Walnut (Juglansregia L.) leaves: Phenolic
compounds, antibacterial activity and antioxidant
potential of different cultivars. Food.Chem. Toxicol.
45:2287-2295.

Prasad KN, Yang B, Dong X, Jiang G, Zhang H, Xie H,
Jiang Y(2009). Flavonoid contents and antioxidant

activities from Cinnamomums species. Innovative
Food Science and Emerging Technologies. 10:627-
632.

Safinaz, AF,Ragaa AH,(2013).Effect of red marine
algaeasbio fertilizers on the growth of maize (Zea
mays L.) plants. Int. Food. Res. J. 20(4):1629-1632.

Senedcor GW, Cohran WG (1982). Statistical
Methods.Thelwa State Univ. Press. Ames. lwa,
USA.507.

Singleton VL,Rossi JA (1965).Colorimetry of total
phenolics with Enrique, phosphomolybdic—
phosphotungstic acid reagents. Am. J. Enol. Viticul.,16:
144-158.

Strik WA, Arthur GD, AF Lourens, O Novok, M Strand, J
Van-Staden (2004). Changes in seaweed concentrates
when stores at an elevated temperature, J. Applied
Phycology 16: 31-39.

Velazquez DVO, Xavier HS, BatistaM,de Castro-Chaves
C (2005). Zea mays L. extracts modify glomerular
function and potassium urinary excretion in conscious
rats. J. Phytomed. 12:363-369.

Velioglu YS, Mazza G, Gao L, Oomah BD (1998).
Antioxidant activity and total phenolics in selected
fruits, vegetables and grain products. J. Agric. Food.
Chem. 46: 4113-4117.

Venkataraman K, Mohan VR, Murugeswar R, Muthusamy
M(1993).Effect of crude commercial seaweed extract
on seed germination and seeding growth in green gram
and black gram. Seaweed Research and Utilisation. 16:
23-28.

Yu L, HaleyS, Perret J, Harris M, Wilson J, Qian M
(2002). Free radical scavenging properties of wheat
extracts. J. Agri. Food. Chem., 50: 1619-1624.



