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Renewable resources of oils, fats protein and amino acids are required to increase quantity and quality 
of edible oils and a good source of protein. Roselle (Hibiscus sabdariffa L.) seeds have an economic 
value as a source of oil and protein. Therefore, two field experiments were carried out during two 
successive seasons to study the effect of foliar application of arginine, Fe- EDTA and/or hemin on seed 
yield quantity and quality of Roselle plant. Data clearly show that, all treatments significantly increased 
yield and yield attributes as compared to the untreated plants. Different treatments increased markedly 
nutritional value of the yielded seeds, total carbohydrates%, protein%, oil%, nitrogen, phosphorous 
potassium, calcium, magnesium, zinc and iron contents as compared with control plants. Different 
treatments exhibited marked reduction in levels of saturated fatty acids particularly palmitic acid. Also, 
unsaturated fatty acid increased at the expense of saturated ones. Different treatments increased 
essential amino acids and the ratio of essential to non-essential amino acids contents as compared with 
control plants. As a conclusion, maximum yields of seeds and nutritional value of Rosella plant were 
obtained in response to 50 mg/l Arg + 100 mg/l Fe-EDTA followed by 50 mg/l Arg + 100 mg/l hemin. 
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INTRODUCTION 

Roselle (Hibiscus sabdariffa L.), sorrel mesta 
or karkadeh belongs to the family Malvaceae. 
Roselle plant is generally considered as a 
medicinal plant and widely distributed in tropical 
regions, especially in the Middle Eastern 
countries (Abu-Tarboush et al., 1997). In Egypt, 
Roselle is cultivated throughout the country from 
north to south, although the southern regions are 
more suitable for its cultivation. Recently, the new 
reclaimed sandy soils are suitable for such 
plants, which are able to grow under different 
climatic conditions. Roselle (Hibiscus sabdariffa 
L.) seeds, attain an important value as it contain 
antioxidant compounds, rich in potassium, 

sodium, calcium, phosphorus and magnesium 
nutrients, phospholipids, proteins, triglycerides, 
fatty acids (linoleic, oleic, palmitic and stearic). 
Seeds oil composes of oleic and linoleic fatty 
acids and has phytosterols which decrease the 
dietary cholesterol uptake   in the human diet 
(Holser et al., 2004, Mohd-Esa et al., 2010 and 
Nzikou, et al., 2011). The high level of protein in 
Roselle seed content (23%) as well as high lysine 
and tryptophan content made Roselle seed an 
excellent source of protein. In addition to low 
levels of amino acids containing sulphur content 
in the seed protein. Emmy Hainida (2008) stated 
the essential amino acids chemical scores 
Roselle seeds that reached to the required levels 
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for humans. Comparing with reference protein 
(FAO/WHO/UNU, 1985). Abu Tarboush et al., 
(1997) stated that, Roselle seeds protein met the 
required levels for infants from phenylalanine + 
tyrosine of Karkade protein isolated (KPF). In 
addition, in recognition in developing countries, 
the need for cheaper protein sources is 
increased; there have been efforts to develop 
low-cost protein of plant origin. Mostafa (2005) 
and Tounkara et al., (2011 and 2013) showed 
that Roselle seeds could be used as a potential 
source of proteins and oil as it rich in protein. In 
dietary supplement or in ingredients for food 
industry, protein fractions, protein isolates or 
concentrates obtained from Roselle seeds might 
be an alternative source of low cost protein 
substitute. This may reduce the heavy 
dependence on conventional sources such as 
animal, fish and soybeans.  
Improving of plant growth and biosynthesis of 
important economic chemical constituents could 
be achieved via the use of different growth 
regulating substances. Recently, using of 
naturally–occurring substances as amino acids, 
vitamins and antioxidant to achieve this 
improvement. Amino acids as organic 
nitrogenous compounds are building blocks in 
proteins synthesis by amino acids polymerization 
(Davies, 1982). L-arginine is one of the most 
functionally diverse amino acids in living cells. In 
addition to serving as a constituent of proteins, 
arginine is a precursor for biosynthesis of 
polyamines (PAs), agmatine and proline as well 
as the cell signaling molecules glutamine and 
nitric oxide (NO) (Chen et al., 2004; Liu et al., 
2006). Application of arginine improved 
significantly growth, physiological and 
developmental process and increased certain 
endogenous plant growth regulators in hot 
pepper plant (Ghoname et al., (2010). Moreover, 
Khalil et al.,(2009) and Sadak et al., (2012) 
recorded the positive role of arginine in alleviating 
the inhibition occurs as the result of exposing of 
wheat and sunflower plants to stress.   
 Mineral nutrients foliar treatment by means of 
spray offers a method of supplying nutrients to 
higher plants more effective than methods 
involving root application when soil conditions are 
not suitable for Fe availability. Iron is one of 
necessary elements but low use and less mobility 
for plants.  The ability of plants to respond to Fe 
availability ultimately affects human nutrition, both 
in terms of crop yield and the Fe concentration of 
edible tissues. Thus, elucidating the mechanisms 
of Fe uptake and transport is essential for the 

breeding of crops that are more nutrient rich and 
more tolerant of Fe-limited soils ( Morrissey and  
Guerinot 2009). Iron (Fe) is a cofactor for 
approximately 140 enzymes that catalyze unique 
biochemical reactions (Brittenham., 1994). Iron 
acts an important role in different physiological 
and biochemical pathways in plants. It serves as 
a component of various enzymes like 
cytochromes of the electron transport chain, and 
it is thus need for a wide range of biological 
process (Rout and Sahoo 2015). Fe-EDTA as an 
example of iron chelate is absorbed and useable 
for plants too. The potentiality of Fe effect was 
reported by Sawires (2001) and Mishra et al., 
(2003) show the potentiality of iron effect they 
reported that, foliar treatment with Fe2+ improved 
seed yield of chickpea and fruit yield of kinnow 
plant, respectively. Moreover, Mostafa et al., 
(2005) found that Fe-EDTA increased seed yield 
and chemical composition of Roselle seeds.  
     Hemin and hematin belong to heme 
(ferroprotoporphyrin IX) compounds. In animals 
and recently in plants, hemin and hematin were 
showed to produce HO-1 expression in alfalfa 
(Han et al., 2007), wheat (Wu et al., 2010), 
tomato (Xu et al. 2010); and rice germinating 
seeds (Liu et al., 2007). Hemin (product of 
glycine and ALA) another source of iron, have 
reported positive correlation between the capacity 
for glycine betaine and/or proline accumulation 
and stress tolerance and so attracted the 
attention of several researchers (Almansouri et 
al., 1999 and Meloni et al., 2001). The first 
reaction in heme biosynthesis takes place in the 
mitochondrion and involves the condensation of 
one glycine and one succinyl CoA by the 
pyridoxal phosphate-containing enzyme, δ-
aminolevulinic acid synthase (ALAS). This 
reaction is both the rate-limiting reaction of hemin 
biosynthesis, and the most highly regulated 
reaction (Cuin and Shabala, 2005). Hormone-like 
influences of hematin and hemin were also 
discovered. hematin and NaCl solution, when 
were present together, greatly promoted 
germination process by promoting the activities of 
amylase in wheat (Xu et al., 2006) and rice seeds 
(Liu et al., 2007). 

Thus, treatment of different agricultural crops 
with foliar iron Fe is an effective means for 
correcting Fe deficiency. Arginine is used as the 
source of nitrogen. Therefore, this work was 
aimed to study the physiological role arginine 
and/or Fe- EDTA and/or hemin to improve the 
yield and nutritional value of seeds as a new 
source of oil and protein of Roselle plant grown in 
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reclaimed sandy soil. 
 
MATERIALS AND METHODS 

 Plant material and growth conditions 
       In order to a field experiment by the 
randomized complete block design in split–plot 
arrangement with three replications was 
conducted in 2014/2015 season at the 
experimental farm, National Research Centre, Al 
Nubaria district El-Behira Governorate-Egypt. 
The soil of both experimental sites was reclaimed 
sandy soil where mechanical and chemical 
analysis is reported in) Table 1) according to 
Chapman and Pratt (1978). Roselle (Hibiscus 
sabdariffa L.) seeds were sown on the 7th May in 
both seasons. The treatments were arranged in 
the sub plots. Each sub-plot area was in rows 3.5 
meters long, and the distance between rows was 
20cm apart, Plot area was 10.5 m2 (3.0 m in 
width and 3.5 m in Length). The recommended 
agricultural practices of growing roselle seed 
were applied and the seeding rate was (60 Kg 
seeds/Fed). Pre-sowing, 150 kg/fed. of calcium 
super-phosphate (15.5 % P2 O5 ) was applied to 
the soil. Nitrogen was applied after emergence in 
the form of ammonium nitrate 33.5% at rate of 75 
Kg/fed was applied at five equal doses before the 
1st, 2nd ,3rd, 4th and 5thirrigation. Potassium 
sulfate (48.52 % K2O) was added at two equal 
doses of 50 kg/fed, before the 1st and 
3rdirrigations. Irrigation was carried out using the 
new sprinkler irrigation system where water was 
added every 5 days.  At harvest, the following 
characters were recorded on random samples of 
10 girded plants in each plot to estimate the 
following characters: number of seeds/pod, dry 
weight of seeds/plant (g), biological seed yield 

(Kg/fed) and 100 seed weight 9g). Some 
chemical parameters were measured in the 
yielded seeds as total carbohydrates%, total 
protein, some macro-elements as nitrogen, 
phosphorous, potassium calcium and 
magnesium, (N, P, K, Ca and Mg) and 
microelements as iron and manganese (Fe and 
Zn). In addition to, oil contents, fatty acid and 
amino acids composition.    

Chemical analysis: 
      Total carbohydrates were determined in the 
yielded seeds using the colorimetric method 
described by Herbert et al., (1971). Protein 
content in the yielded seeds was determined by 
Bradford (1976). Total N was determined by 
using micro-Kjeldahl method as described in 
AOAC (1970).The oil content of the seeds was 
determined according to the procedure reported 
by A.O.A.C. (1990). As the quality of the oil 
depends on the proportion of different fatty acids, 
their composition was determined quantitatively 
by Gas Liquid Chromatography according to the 
method described by Fedak and De La Roche 
(1977). Macro and microelement contents of the 
yielded grains were determined according to 
Chapmen and Pratt (1978). Phosphorus was 
determined using a Spekol spectrocolorimeter 
(VEB Carl Zeiss; Jena, Germany), while, 
estimation of K+ and Ca++ contents were done 
using a flame photometer. Mg, Fe2+, Zn2+ 
contents were estimated using atomic absorption 
spectrophotometer. Amino acid contents 
identification and determination of the amino acid 
composition of the wheat grain was carried out by 
using HPLC (Eppdrof, Germany) as described by 
Pico-tag method with slight modification (White et 
al., 1984). 

Table 1: Mechanical, chemical and nutritional analysis of the experimental soil. 
 

A. Mechanical analysis: 

Sand 
Silt 20-0µ% Clay < 2µ% Soil texture 

Course 2000-200µ% Fine 200-20µ % 

47.46 36.19 12.86 4.28 Sandy 

B. Chemical analysis: 
pH 

1:2.5 
EC 

dSm-1 CaCo3 OM% 
Soluble Cations meq/l Soluble anions meq/l 

Na+ K+ Mg+ Ca++ CO3
-- HCO3

- Cl- SO4
-- 

7.60 0.13 5.3 0.06 0.57 0.13 0.92 1.0 0.0 1.25 0.48 0.89 

C. Nutritional analysis: 
Available nutrients 

Macro element ppm Micro element ppm 

    N P K Zn Fe Mn Cu 

   52 12.0 75 0.14 1.4 0.3 0.00 
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Seeds of Roselle Hibiscus sabdariffa L. (dark colored) cultivar were obtained from Agricultural Research 
Centre Giza, Egypt. Roselle seeds were assigned to the main plots while the foliar application 
concentrations of treatments were practices twice at 45 and 60 days after planting as follow:   
- Control - Arginine 50 mg/l (Arg) - Fe-EDTA 50 mg/l (F1) - Fe-EDTA 100 mg/l (F2) 
- Hemin 50 mg/l (H1) - Hemin 100 mg/l (H2) - Arginine 50 mg/l +Fe-EDTA 50mg/l (Arg+F1)  
- Arginine 50 mg/l +Fe-EDTA 100mg/l (Arg+F2) - Arginine 50 mg/l +Hemin 50mg/l (Arg+H1) 
- Arginine 50 mg/l +Hemin 100mg/l (Arg+H2). 
 

Statistical analysis: 
     All data collected were analyzed with analysis 
of variance (ANOVA) Procedures using the Co-
Stat Statistical Software Package. Differences 
between means were compared by LSD at 5% 
level of significant (Gomez and Gomez, 1984) 
 
RESULTS  

Yield and yield attributes: 
Data presented in Table 2 show that, 

arginine, Fe-EDTA, hemin alone or mixture of 
arginine + Fe-EDTA or arginine + hemin with 
different concentrations, significantly increased 
seeds yields (number of seeds/pod, seed 
yield/plant, biological yield and 100 seeds weight) 
of Roselle plants compared with the control 
(untreated) plants. The increases in the biological 
seeds yield of Roselle were obtained by foliar 
application with (100 mg/l) of Fe-EDTA (22%) 
and hemin (25%). Arginine treatment was more 
effective than Fe-ADTA and hemin. The 
percentage of increase reached to 36%. Also, 
foliar treatments of Arg + Fe-EDTTA or Arg + 
hemin with different concentrations were more 
effective than Arg, Fe–EDTA or hemin alone. 
Maximum increases were obtained by applying 
50 mg/L arginine + 100 mg/l Fe-EDTA. The 
percentages of increases reached to 67 %, 79 %, 
53 % and 45 % of number of seeds/pod, seeds 
yield/plant, biological seed yield and 100 seeds 
weight respectively.  
 
Carbohydrate, protein and oil contents in the 
yielded seeds: 

 Figure 1 shows the changes of total 
carbohydrates and protein contents of the yielded 
seeds of Roselle plants. Data clearly show that, 
arginine treatment with 50 mg/l concentration 
increased significantly carbohydrate and protein 
contents of Roselle seeds. As well as, different 
concentrations of Fe-EDTA or hemin in absence 
and presence of arginine caused significant 
increases in total carbohydrates and protein of 
the yielded seeds. Figure 1 show the synergistic 
effect of treatment with arginine with Fe-EDTA or 
hemin with different concentrations. Fe-EDTA 

and hemin treatments at 100 mg/l were the more 
effective than 50 mg/l. Fe-EDTA treatments were 
more effective than hemin treatments in absence 
and presence of arginine. The most effective 
treatment was 50 mg/l arginine + 100 mg/l Fe –
EDTA as it increased total carbohydrate and 
protein contents respectively followed by 50 mg/l 
arginine + 100 mg/l hemin as compared with 
untreated control.  

The changes in oil contents of Roselle seeds 
in response to different treatments are presented 
in Figure 1. Data clearly show the promotive 
effect of foliar application with different 
concentrations of arginine, Fe-EDTA and hemin 
as compared with control plants. Also, foliar 
spraying with arginine and Fe-EDTA and arginine 
and hemin with different concentrations were 
more effective as compared with control plant. 
The most effective treatment was Arg+F2 or Arg+ 
H2, the percentage of increases was 31.89%  

Macronutrient and micronutrient contents in 
yielded seeds:  

Regarding the effect of arginine, Fe-EDTA 
and hemin application on nitrogen, phosphorus 
and potassium contents of Roselle seeds. Data 
presented in Figure 2 revealed that, different 
treatments with different concentrations 
increased significantly seed contents of some 
macro element as nitrogen, phosphorus, 
potassium, calcium and magnesium as compared 
with control plants. Data also show that foliar 
treatment of Arg (50 mg/l) + Fe- EDTA (50 or 100 
mg/l) and Arg 50 mg/l) + hemin (50 or 100 mg/l) 
to Roselle plant were more effective as compared 
with Arg or Fe-EDTA or hemin alone. Arg (50 
mg/l) + Fe-EDTA (100 mg/l) was the most 
effective treatment as it gave the highest contents 
of nitrogen, phosphorus, potassium calcium and 
magnesium followed by Arg (50 mg/l) + hemin 
(100 mg/l).   

The presented data in Figure 3 show arginine 
foliar treatment increased significantly the studied 
micro element such as zinc (Zn) and iron (Fe). 
Moreover, foliar treatment of Fe- EDTA or hemin 
with or without arginine treatment caused more 
significant increases in these microelements 
under consideration. 
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Table 2: Effect of arginine, Fe-EDTA and hemin on yield components of seeds of Roselle plant 
grown under reclaimed sandy soil (Data are means of two seasons). Means with different letters 
were significantly different at the 0.05 level according to Duncan’s multiple range test. 

Treatments       
mg/l 

No of seeds 
/pod 

Seed yield/ 
plant (g) 

Biological seed 
yield (Kg/fed) 

100 seeds 
weight (g) 

Control 18h 14.55j 155.6i 2.38h 

Fe EDTA 50 27.67d 17.84g 176.72h 2.94f 

Fe EDTA 100 24.00f 16.73i 190.16 f 2.83g 

Hemin 50 22.00g 17.71h 186.32g 3.22b 

Hemin100 24.33e 19.96f 194.00e 3.18c 

Arginine 50 28.67b 20.84e 211.28c 3.06de 

Arginine 50 + 
Fe EDTA 50 

28.00c 21.66d 211.28c 3.03e 

Arginine 50 + 
Fe EDTA 100 

30.00a 25.98a 238.16a 3.46a 

Arginine 50 + 
hemin  50 

28.00c 22.75c 234.32b 3.12d 

Arginine 50 + 
hemin 100 

28.00c 22.83b 209.36c 3.09d 

LSD at 5% 0.25 0.03 3.22 0.06 
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Figure 1: Effect of arginine, Fe-EDTA (F1 50mg/l, F2 100mg/l) and hemin (H1 50mg/l, H2 100mg/l) 
on chemical constituents of seeds of Roselle plant grown under reclaimed sandy soil. Each value 
represents the mean of three replicates ± standard error. Means with different letters were 
significantly different at the 0.05 level according to Duncan’s multiple range test. 
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Figure 2: Effect of arginine, Fe-EDTA (F1 50mg/l, F2 100mg/l) and hemin (H1 50mg/l , H2 100mg/l) 
on macro element contents (mg/100 g DW) of seeds of Roselle plant grown under reclaimed sandy 
soil. Each value represents the mean of three replicates ± standard error. Means with different 
letters were significantly different at the 0.05 level according to Duncan’s multiple range test. 
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Figure 3: Effect of arginine, Fe-EDTA (F1 50mg/l, F2 100mg/l) and hemin (H1 50mg/l, H2 100mg/l) 
on micro-element contents (mg/100 g DW) of seeds of Roselle plant grown under reclaimed sandy 
soil. Each value represents the mean of three replicates ± standard error. Means with different 
letters were significantly different at the 0.05 level according to Duncan’s multiple range test 
 
Table 3: Effect of arginine (50 mg/l) (Arg), Fe-EDTA (100mg/l) (F2), hemin (100mg/l) (H2) and 
Arginine 50 + Fe EDTA 100 mg/l (Arg+F2) and Arginine 50 + hemin 100 mg/l (Arg+H2) on fatty 
acids constituents of oil of seeds of Roselle plant grown under reclaimed sandy soil. 

Fatty acid Control F2 H2 Arg. Arg+F2 Arg+H2 

Lauric C12:0 0.44 0.63 0.34 0.60 0.36 0.29 

Tridecanoic C13:0 0.38 0.30 0.25 0.41 0.46 0.43 

Myristic C14:0 0.84 0.56 0.46 0.51 0.79 0.64 

Palmitic C16:0 25.12 22.01 23.35 22.20 23.54 23.54 

Palmitolic C16:1 (MUFA) 0.55 0.18 0.15 0.41 0.58 0.02 

Steraic C18:0 3.12 3.18 2.25 2.24 2.59 1.70 

Oleic C18:1    (MUFA) 26.84 29.87 29.65 30.45 29.25 30.25 

*Linoleic C18:2  (PUFA) 21.98 25.46 22.70 24.48 24.37 23.99 

**Linolenic C18:3    
(PUFA) 

3.38 3.33 4.21 2.22 4.25 3.55 

Archidic C20:0 1.53 0.12 1.66 1.12 0.58 0.46 

*Eicosadieneic C20:2 2.17 1.93 1.99 1.97 1.66 1.37 

**Eicosatrienoic  C20:3 4.74 4.36 4.58 5.56 4.65 4.58 

*Arachidonic C20:4 2.79 1.27 2.55 2.25 1.03 1.15 

**Eicosapentaencic acid  
C20:5 

0.17 0.68 0.72 0.41 0.45 0.32 

C21:0 2.18 1.31 1.42 1.82 0.54 0.43 

Behenic C22:0 1.50 1.57 0.95 0.90 0.55 0.54 

Erucic C22:1 0.98 0.67 0.43 0.16 0.79 0.68 

Tricosanoic C23:0 0.10 1.08 0.54 0.52 0.36 0.43 

Lignoceric C24:0 0.07 0.48 0.17 0.26 0.79 1.25 

Total Known 99.88 98.99 98.35 98.48 97.54 95.60 

Total unknown 0.12 1.01 1.65 1.52 2.46 4.40 

Essential fatty acid 35.23 37.03 36.75 36.89 36.41 34.96 

Unsaturated 63.62 67.07 66.54 67.75 66.23 65.23 

Saturated 35.28 31.24 31.39 30.57 30.53 29.70 

Ratio unsat/sat 1.80 2.15 2.12 2.22 2.17 2.20 

       *omega 6,   **omega 3,   Polyunsaturated fatty acid (PUFA),  Monounsaturated fatty acid (MUFA) 
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Table 4: Effect of arginine (50 mg/l) (Arg), Fe-EDTA (100mg/l) (F2), hemin (100mg/l) (H2) and 
Arginine 50 + Fe EDTA 100 mg/l (Arg+F2) and Arginine 50 + hemin 100 mg/l (Arg+H2) on amino 
acids constituents (mg/100g dry wt) of seeds of Roselle plant grown under reclaimed sandy soil. 

       Essential amino acids* (Ess AA*), Non essential amino acids (Non Ess A A), Total amino acids (TAA) 

 The most effective treatments were arginine + 
Fe-EDTA (100 mg/l) followed by Arginine + hemin 
100 mg/l, in response to Zn. While the most 
effective treatments on iron content were arginine 
+ hemin 100 mg/l followed by arginine + Fe-
EDTA (100 mg/l).  

Changes in fatty acid composition of the 
yielded seeds: 

The results of gas liquid chromatographic 
analysis of the methyl esters of fatty acids of oil of 
the yielded Roselle seeds are presented in Table 
3. Data revealed that, 19 fatty acids were 
detected in Roselle oil, major fatty acids (more 
than 10%), minor fatty acid (1-10%) and traces 
(less than 1%). Total saturated fatty acid ranged 
from 29.9 to 35.3% and total unsaturated fatty 
acid ranged from 63.6% to 67.7%. Palmitic acid 
was the most predominant saturated fatty acid 
(25.12%) in control plants, while oleic acid and 
linoleic acid were the main unsaturated fatty acid 
(26.84% and 21.98%, respectively). Lauric acid 
(C12:0), tridecanoic acid (C13:0), myristic acid 
(C14:0), palmitoleic acid (C16:1), linololenic (C18:3), 
archidic acid (C20:0), Eicosadieneic (C20:2), 
Eicosatrienoic (C20:3), Arachidonic (C20:4), (C20:5), 
(C21:0), (C22:0) and erucic acid (C22:1) were 
observed as minor fatty acids. Also, the low 
molecular weight fatty acids (less than C12) from 
the yielded seeds of control and various treated 

Roselle plant was not found.  
 Exposure of Roselle plant to different 

treatments with different concentrations  arginine 
50 mg/l, Fe-EDTA 100 mg/l, hemin 100 mg/l, 
arginine+ 100 Fe-EDTA and arginine + hemin 
100mg/l) induced marked decreases in the levels 
of palmitic acid and total saturated fatty acids. 
Meanwhile, increased markedly oleic acid, 
linoleic and linolenic acid and consequently total 
unsaturated fatty acids. Total 
unsaturated/saturated fatty acids ratio ranged 
from 1.80-2.22 different treatments increased this 
ratio. It is worth to mentioned that, the 
polyunsaturated fatty acids (linoleic acid omega 6 
and Linolenic omega 3) increased by different 
treatments used. The maximum increase was 
observed at Fe-EDTA (13.5%) when compared 
with the control plant. The total essential amino 
acid omega 3 (Linolenic C18:3,  Eicosatrienoic 
C20:3 and Eicosapentaencic acid  C20:5) and 
omega 6 (Linoleic C18:2, Eicosadieneic C20:2 
and Arachidonic C20:4) increased with all 
treatments used except Arg+Fe induced slightly 
decreased as compared with the control plant.  
 

 

Changes in amino acid composition in the 
yielded seeds:  

The patterns of changes in the amino acid 
composition of the yielded seeds of Roselle plant 

Treatment Control F2 H2 Arg Arg+F2 Arg+H2 

Aspartic acid 35.03±0.079 37.50±0.173 40.03±0.173 37.83±0.101 44.17±0.098 45.27±0.156 

Threonine* 15.07±0.040 15.50±0.289 16.60±0.382 16.17±0.098 16.60±0.173 16.73±0.136 

Serine 15.60±0.203 16.30±0.289 16.73±0.115 15.50±0.058 17.13±0.075 19.17±0.052 

Glutamic 68.07±0.040 74.50±0.289 81.17±0.098 72.17±0.098 88.60±0.115 84.50±0.040 

Proline 13.97±0.176 16.60±0.0.115 14.53±0.115 14.70±0.145 17.47±0.277 18.93±0.113 

Glycine 14.33±0.191 14.03±0.079 15.50±0.211 15.50±0.231 16.87±0.007 18.93±0.235 

Cystine 9.70±.076 6.70±0.178 8.27±0.061 9.93±0.111 11.73±0.217 12.83±0.129 

Alanine 12.27±0.248 16.60±0.0.182 16.70±0.180 17.73±0.119 19.13±0.075 16.60±0.168 

Valine* 11.80±0.367 12.50±0.156 10.00±0.162 12.17±0.119 15.60±0.153 18.23±0.287 

Methionine* 3.90±0.136 4.17±0.02 6.83±0.060 6.60±0.155 12.50±0.099 10.83±0.222 

Leucine* 24.27±0.14 26.70±0.158 27.17±0.151 27.83±0.218 27.470.262 32.27±0.32 

Isoleucine* 11.40±0.260 13.40±0.145 14.50±0.239 14.50±0.148 19.93±0.134 17.47±0.156 

Phenylalanine* 14.03±0.146 18.93±0.253 17.17±0.236 20.83±0.194 20.50±0.184 27.87±0.190 

Tyrosine 15.27±0.110 21.17±0.069 11.93±0.171 14.10±0.041 15.27±0.167 15.27±0.161 

Histidine* 9.13±0.053 10.03±0.021 13.40±0.163 10.83±0.118 17.83±0.053 19.57±0.159 

Lysine* 15.03±0.017 18.03±0.156 17.13±0.093 21.17±0.122 22.90±0.130 21.93±0.343 

Tryptophan* 1.00±0.067 0.93±0.031 1.17±0.021 1.17±0.067 1.90±0.026 2.27±0.115 

Arginine 34.23±0.077 37.50±0.288 40.83±0.247 40.83±0.167 45.27±0.137 47.83±0.382 

Ess A A* 105.63±0.123 120.19±0.196 123.97±0.042 131.27±0.126 155.23±0.135 167.17±0.139 

Non Ess A A 218.47±2.125 240.9±2.057 245. 70 238.30±2.135 275.63±1.138 279.33±2.980 

Ess*/ Non Ess 0.326 0.499 0.505 0.551 0.563 0.598 

TAA 324.10±2.242 361.10±3.152 369.67 369.57±2.334 430.87±2.145 446.50±2.354 
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treated with arginine (50 mg/l), Fe-EDTA (100) or 
hemin (100 mg/l) alone or interaction of arginine 
with Fe-EDTA (100 mg/l) and arginine with hemin 
(100 mg/l) are shown in (Table 4). Eighteen 
amino acids were detected in Roselle seeds 
powder. Glutamic acid was the highest values 
(ranged from 68.07 to 88.60 mg/g dry wt) 
followed by aspartic acid (35.03 to 45.27 mg/g 
dry wt), arginine (34.23 to 47.83 mg/g dry wt) and 
leucine (24.27 to 32.27 mg/g dry wt). These 
various amino acids are considered the 
predominant amino acids. While other amino 
acids are considered as minor amino acids. 
Roselle seeds contain high percent of other 
essential amino acids as threonine, valine, 
methionine, luceine isolucine, phenylalanine, 
histidine, lysine and tryptophan. The lowest 
essential amino acids in control plants was 
105.63 (mg/g dry wt) increased to 167.17 and 
155.23 (mg/g dry wt) in response to Arg +H2 and 
Arg +F2 respectively. Foliar treatment of different 
treatments increased markedly amino acid 
constituents, total amino acids contents, essential 
amino acids and the ratio of Essential/ Non 
essential as compared with control plant. The 
interactions of arginine with hemin followed by 
arginine with Fe-EDTA were more effective in 
amino acid constituents of Roselle seeds and 
total essential amino acids. The percentages of 
the increase were reached to 58% and 47% in 
response to Arg +H2 followed by Arg + Fe2. 
Lysine increased by the different treatments 
used. The maximum increased were observed at 
Arg +Fe2 and Arg +H2 by 53% and 44% 
respectively 
 
DISCUSSION 

Yield and yield attributes: 
         Results in Table 2 show the promotive 

effect of Fe-EDTA or hemin foliar application with 
different concentrations in absence and presence 
of arginine.. Different treatments increased 
significantly all yield components of seed yield of 
Roselle plant as compared with control plant. 
These results of arginine effect are confirmed 
with those of El Bassiouny et al., (2008), 
Ghoname et al., (2010) and Sadak et al., (2012). 
In addition, Nassar et al. (2003) reported that, 
arginine stimulate early flowering and fruiting of 
bean plants. These improvement effects of 
arginine in increasing yield components of 
Roselle seeds might be due to increasing in 
vegetative growth, the photosynthetic output, 
metabolic products and their translocation to the 

produced grains of wheat plant  )El Bassiouny et 
al., 2008).  

With regard to Fe-EDTA, our obtained results 
are in agreement with those obtained by 
Borowski and Michalek, (2011), Roosta & 
Mohsenian., (2012) and Bakhtiari, et al., (2015). 
The promotive effect of hemin are in good 
agreement with those obtained by, Xu et al., 
(2010) and Abd El-Monem et al., (2013) they 
concluded that, spraying with low concentrations 
of ALA (precursor of hemin) or hemin increased 
yield of kudzu and barely plants. Iron deficiency 
severely affects plant development and growth. 
Iron is a vital element to plants; it is needed to 
biological redox systems. It is an essential 
element for several enzymes which participate 
vital roles in the physiological and biochemical 
processes of plants. (Asad and Rafique, 2000). 
Iron participates in plant growth regulators 
biosynthesis and shares in several electron 
transfer reactions (Kerkeb and Connoly, 2006). 
The promotive effect of Fe-EDTA and hemin 
treatments may be due their role in enhancing 
photosynthetic rate via improving chlorophyll 
biosynthesis thus accumulate more soluble 
nitrogen and sugars in plant cells. The excess of 
these metabolites were mobilized to the different 
yield components to sinks and finally increased 
seed yield (Naguib and Ali, 2002), and (Bakhtiari, 
et al., 2015). Moreover, Keikha et al., (2005), 
Abbas et al., (2009) and Salih (2013) 
demonstrated that, foliar application of Fe 
increased canola, wheat and cowpea yield. 

Carbohydrates and protein contents of the 
yielded seeds: 

  Figure 1 revealed the effect of different 
concentrations of arginine, Fe-EDTA and hemin 
alone and interaction between arginine + Fe-
EDTA and arginine+ hemin with different 
concentrations. Different treatments caused 
significant increases in total carbohydrates and 
protein contents of Roselle seeds grown under 
reclaimed sandy soil. These obtained results are 
in harmony with those of Hozayn et al., (2008), 
El-Bassiouny et al., (2008), Hassanein et al., 
(2008) and Abdul Qados (2010) and Ghoname et 
al., (2010) using arginine on wheat, mung bean 
and hot pepper plants. These results may be 
attributed to the role of arginine in manifesting 
assimilate accumulation in treated plant. Sadak et 
al., (2012) stated that, there is a close 
relationship between the effect of arginine and 
the stimulated photosynthetic output of plant 
(total carbohydrates). These results might 
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increase the efficiency of solar energy conversion 
which maximized the growth ability of Roselle 
plant. The same observations were detected on 
increasing protein contents, by Ghoname et al., 
(2010) and Sadak et al., (2012) who found that, 
the increase in protein % of the yielded hot 
pepper fruits and sunflower seeds may be due to 
the increase in the protein synthesis and the 
translocation of amino acids from shoots to 
seeds. Furthermore, it could be concluded that 
the simulative effect of arginine is through 
enhancing the biosynthesis of free amino acids 
(Table 4) and their incorporation into protein (Fig. 
1) (Bassouny et al., 2008). Moreover, Chang et 
al. (2005) demonstrated that, arginine (rich 
intracellular peptide) is capable of efficiently 
delivering proteins into different plant tissues of 
both tomato and onion in a fully bioactive form. 
Also, Vervaeke et al., (2005) stated that, the 
involvement of arginine was probably related to 
protein synthesis in Aechmea fasciata plant. 

Mostafa et al., (2005) found that foliar 
treatment of Fe- EDTA increased significantly 
total carbohydrates and protein contents of 
Roselle seeds. Kassem et al., (2010) stated that, 
foliar treatment of Costata persimmon trees with 
Fe-EDTA increased total sugars contents of 
fruits. Fang et al. (2008) and Bakhtiari et al., 
(2015) also reported that Fe foliar application 
significantly increased the protein contents on 
rice and wheat grains. The promotive effect of Fe 
on carbohydrates and protein contents of Roselle 
seeds may be result of iron as an important 
constituent of enzymes and proteins, iron have a 
very important effect on different biological 
processes as photosynthesis, chlorophyll 
biosynthesis, respiration, nitrogen fixation, 
absorption mechanisms (Kim and Rees, 1992 
and Salih 2013), and DNA biosynthesis via 
ribonucleotide  reductase effect (Reichard, 1993). 
In addition, iron is used in metabolism of protein. 
During iron deficiency, the protein fraction 
decreases simultaneously with an increase in the 
level of soluble organic N compounds (Neil et al., 
2003).  

Macronutrient contents of the yielded seeds: 
Data presented in Table 3 show the 

promotive effect of different treatments (Arg 
50mg/l, Fe-EDTA 50 & 100 mg/l and hemin 50 & 
100 mg/l). External application of arginine 
increased the uptake of N, P, K, Ca and Mg in 
Roselle seeds compared to control plant. These 
results are in good harmony with those obtained 
by Abdul Qados (2010) who reported that foliar 

application of arginine enhance the uptake of N, 
P, K, Ca and Mg in mung bean seeds. Also, 
Sadak et al.,(2012) and Hozayn et al (2013) 
confirmed these obtained results of arginine 
treatments on sunflower and mung bean plants. 
The respective increase in inorganic ion contents 
(K+) by arginine is expected to be influenced by 
the effect of nitrogen compounds on protein 
synthesis, as proteins are required to transport 
protons, inorganic ions and organic solutes 
across the plasma membrane and tonoplast at 
rates sufficient to meet the needs of the cells 
(Schroeder et al., 1999). 

 Darwesh (2011) revealed that, foliar 
treatment of Fe- EDTA increased mineral 
contents (N, P, Ca, Mg, K, Fe and Zn) of lentil 
plant. The hormone like growth regulators effect 
of hemin in increasing mineral contents of the 
yielded seeds of Roselle plant. In this connection 
Hotta et al. (1998),  Zhang et al. (2006) and Abd 
El-Monem et al., (2013) showed that ALA as 
precursor of hemin and hemin increased mineral 
contents of  rice,  potato and wheat plant 
respectively. This compound therefore appears to 
act as a hormone-like plant growth regulator, 
which is effective at relatively low concentrations 
(10–100 mg/L). Salih (2013) study that, foliar 
application with micronutrient such as iron 
treatment has a greater increase on the nutrient 
uptake P, K, Ca and Mg in cowpea yield. Zhang 
Jin et al., (2008) found, that, foliar Fe application 
Fe concentration and other measured nutritive 
values increased in polished rice. Micronutrients 
(Fe++, and  Zn++) cooperate vital roles as 
cofactors and activators of enzymes. Rising   the 
Zn++ and Fe++ concentration in food crop plants, 
resulting in better crop and enhanced human 
health is an essential global challenge (Welch 
and Graham 2004). 

Oil contents and fatty acid composition: 
The oil contents and fatty acid profile of 

Roselle oils (Table 3) reveals that different 
treatments increased significantly total oil %, in 
the meantime, caused decreases in total 
saturated fatty acids and palmitic acid 
accompanied by increases in total unsaturated 
fatty acids and oleic and linoleic acids as 
compared with control plants. The total essential 
amino acid omega 3 (Linolenic C18:3,  
Eicosatrienoic C20:3 and Eicosapentaencic acid  
C20:5) and omega 6 (Linoleic C18:2, 
Eicosadieneic C20:2 and Arachidonic C20:4) 
increased with all treatments used. The fat quality 
is usually valued according to the essential fatty 
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acids since human nutrition required some of 
these fatty acids in the diet to prevent fatty acid 
deficiency diseases. All treatments used in this 
investigation caused an increase in total oil % 
and essential fatty acids (C18:2+C18:3). The 
absence of low molecular weight of fatty acids 
(less than C12) from the yielded oilseeds of 
untreated and differently treated plants was 
known to enhance oil stability (Watson, and 
Ramstad 1987). Sadak et al., (2012) and Dawood 
and Sadak (2007) stated that, amino acid 
treatment to canola plants improved fatty acid 
profile of the yielded seeds. It might be suggested 
that changes in fatty acids composition as a 
result of different treatments might be due to 
amino acids affecting fatty acid composition 
through their effect on activating the synthesis of 
some enzymes related to fatty acids metabolism. 
Supporting this suggestion, amino acids have 
been indicated to activate protein synthesis and 
affect enzyme activities of fatty acid synthesis 
(Brown et al., 1991). Also, Mostafa, et al., (2005) 
stated the promotive effect of iron as Fe-EDTA in 
improving the fatty acids of the yielded Roselle 
seeds. 

Amino acid constituents of the yielded seeds: 
Protein is one of essential nutrients in the 

human diet. Both the amount and quality of 
protein provided by a food are important. The 
protein quality, also known as the nutritional or 
nutritive value, depends on the level at which 
essential amino acids cannot be produced by the 
human body and it needed for overall body health 
maintenance. It is usually present in peptides, 
enzymes, and structural proteins. 

The nutritional value of proteins is based on 
their amino acid composition and is crucial in 
physicochemical functions such as water holding 
capacity, oil holding ability and foaming 
properties among others. In general, glutamic 
acid, aspartic acid and arginine, were 
predominant in control plants and different 
treated plants. The amino acids in Rossella 
seeds were rich with lysine, arginine, leucine 
phenylalanine and glutamic acid. Methionine and 
cystine were the main limiting amino acids 
present. These results were confirmed by Abu-
Tarboush et al. (1997) and Rao (1996). This work 
recognized enough cystine and methionine 
contents in control plants, as well as different 
treated seeds for human requirement 
(FAO/WHO, 1991). The amino acids content of 
different treated seeds were higher than in control 
seeds. This might be recognized to high protein 

content found in the present study. These 
treatments alleviated the amino acids contents on 
Rossella seeds via improving the biosynthesis of 
other amino acids and their incorporation into 
protein (Fig. 2). Arginine foliar treatment 
increased the contents of total amino acids, 
essential amino acids and the ratio of essential to 
non-essential amino acids compared with control 
plants. These obtained results are in harmony 
with those obtained by Hozyen et al., (2008) & 
Ghoname et al., (2010) Hassanein et al., (2013) 
on wheat grains and hot pepper fruits. Moreover, 
the essential amino acids in Rossella seeds were 
higher than wheat grain and rice (Abdel-Aal & 
Hucl, 2002). The increased contents of different 
amino acids in response to arginine are in 
accordance with those of The obtained data were 
supported by Kesba (2005) who reported that, L–
arginine treatments enhanced the levels of 
arginine, aspartic, glutamic, proline and 
methionine in grape roots. The increased 
contents of different amino acids in response to 
hemin treatments are in agreement with the 
results of Abd El-Monem et al., (2013) on barley 
grains. Zhang et al (2008) found, that, foliar Fe 
increased significantly protein and total 16 amino 
acids, such as lysine, threonine, and arginine that 
were essential for human nutrition as well as 
glutamic acid, aspartic acid, valine, leucine, and 
phenylalanine.  

 Lysine increased by the different treatments 
used. The high Lysine might be used as a 
complementary food mixture for poor or low 
lysine sources and it was existed to be high and 
sufficient for human requirement. Emmy Hainida 
(2008) concluded that, Roselle seed is 
considered to be a good source of protein with a 
high lysine and tryptophan levels. Also, it 
considers the chemical scores for the essential 
amino acids of Roselle seeds. 

CONCLUSION 
This paper summarizes effects of arginine, 

Fe EDTA and hemin on yield and the nutritional 
values of Rossella seeds in the condition of new 
reclaimed sandy soil. The used treatments 
induced a higher nutritional value of 
macronutrients (N, P, K, Ca and Mg) and 
micronutrients (Fe and Zn) carbohydrate%, 
protein%, total amino acids and total essential 
amino acids in yielded seeds. A high content of 
unsaturated fatty acid constituents and essential 
fatty acids in the Roselle seeds and the ratio 
between saturated and unsaturated fatty acids 
could be used also as a source of edible oil. 
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Rosella seeds could be used as a rich source of 
protein due to amino acids of protein especially 
lysine, arginine, leucine, phenylalanine, and 
glutamic acids. Accordingly, Roselle seeds could 
be used as a supplement food or as diet 
enrichment especially in the low protein diets. 
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