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Abstract: Two pot experiments were carried out during two successive seasons to study the effect of foliar
application  of benzyladenine (BA) and/or gibberellin (GA ) at 100 and 200 mg/L in absence and presence of3

Fe-EDTA on seed yield and seed quality of Hibiscus subdariffa L plants. All the treatments significantly
increased the weight of seed/plant as compared with the untreated plants. The most effective treatment was
100 mg/L GA  + 100 mg/L BA in presence of Fe-EDTA. The different treatments increased markedly the total3

soluble sugars, polysaccharides, total carbohydrates, soluble-N, protein-N, total-N and oil contents of
produced seeds compared with those of the untreated plants. The results of Gas Liquid Chromatographic
analysis (GLC) of the methyl esters of fatty acid of yielded roselle seeds revealed that palmitic acid was the
predominant saturated fatty acid, while oleic and linoliec acid were the major unsaturated fatty acids. GA  and/or3

BA treatments in absence and presence of Fe-EDTA induced marked decreases in the levels of saturated fatty
acids particulary palmitic acid. In addition the unsaturated fatty acid increased at the expense of saturated ones.
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INTRODUCTION Roselle (Hibiscus sabdariffa L.) seed is considered to

Hibiscus sabdariffa L. (roselle); a member of family tryptophan levels. Sulphur containing amino acids were
Malvaceae; is cultivated in the tropical and subtropical limited in the seed protein . The chemical scores for the
regions for multipurpose uses. It is well known in Egypt essential  amino  acids of roselle seeds were reported by
with the name of "Karkadeh". Roselle seeds have an Al – Wandawi, et al . 
economic value as a source of oil where it reaches 20% . The use of plant growth regulators are directed in[6,3]

There is no doubt that the need of traditional edible oils general, to improve the yield quality and/or quantity of
will be increased due to the growth of population over the many crops . Gibberellic acid (GA ) and benzyladenine
world  and  increases their demand. Therefore, current (BA) are the most important natural growth regulators in
work on renewable resources in the oils and fats are use. They are used to induce great changes in the growth
required  to increase the quantity and quality of edible characters, chemical composition and yield criteria of
oils. The roselle plant grows in Upper Egypt and is Hibiscus  sabdariffa  L.  plants.  In  this  concern, Nowak
capable to grow under special conditions to produce et al  and Ramadan  reported that GA  treatment
seeds. The fatty acid profile of karkade indicates its increased  Vicia  faba yield and yield components.
importance for human consumption as well as its Aycock et al  reported that cotton plants treated with
suitability  for  vegetable  oil  processing .  He added cytokinin showed  a  significant  yield  increment.[15]

that  the  roselle  seeds  might  be provided as a new Moreover, Tonder et al  found that promalin mixture of
source of edible oils. BA + GA  achieved a significant increase in tomato

The fat quality is usually valued according to the yield. Mostafa et al  proved that BA treatment on
content of essential fatty acid such as linolic, linolenic soybean plants induced a highly significant increase in
and arachidonic. Humans required some of these fatty the oil percentage. Youssef and Tallat  and Abdel-Rahim
acids in the diet to prevent fatty acid deficiency diseases et al  found that foliar application of kinetin increased
including skin lesions, poor hair growth and low growth volatile oil percentage and oil yield per plant of lavender
rate . These qualities are well presented in Hibiscuss and Dature seeds, respectively. . The potentiality of[23]

sabdrariffa L fatty acids. ferrous   effect   was   reported   by   Sawires   and

be a good source of protein (23%) with a high lysine and
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Mishro et  al   who  showed that the foliar spray with methylated according to Harbone . Fatty acids[26]

Fe  as Fe (SO ) H O caused an increased in seed yield of composition was determined by Gas liquid2+
4  2

chickpea and fruit yield of kinnow plant, respectively. chromatography (GLC) in GVC pye Unicam gas-liquid
Misra  on patchouli and Baydar  on safflower seeds, chromatograph equipped with dual flame ionization[27]    [11]

found that GA  treatment increased essential oil contents. detector and dual channel recorder. 3

The aim of the present work is to study the effect of  A set of standard of fatty acids (saturated and
treating roselle plants with GA , BA or both in absence unsaturated) was purchased from Sigma Chemical3

and presence of Fe-EDTA to improve the characteristics Company St. Louis, MO 63178, USA. 
of roselle as a new source of protein and oil.  The fractionation of fatty acid methyl esters was

MATERIALS AND METHODS packed with diatomite C(100-200 mesh) and coated with

The experimental plant used in this investigation was oven temperature was programmed at 8°C/min from 70°C
roselle (Hibiscus sabdariffa L). Deep red sepals cultivar. to 90°C then isothermally at 190°C for 20 min with nitrogen
Seeds obtained from Medicinal and Aromatic Research at 30 ml/min as a carrier gas. The flow rates of hydrogen
Station Agricultural Research Centre, Ministry of and air were 33 ml/ min and 330 ml/min respectively.
Agriculture, Egypt The growth regulators used in the Detector and injector temperatures were 220°C and 300°C,
present work were gibberellic acid (GA ) and respectively. Peaks identification and quantification were3

benzyladenine (BA). They were supplied from Sigma performed by using UP 4810 computing integrator.
Chemical Company, St. Louis, MO, USA.  The extraction and clarification of carbohydrates

The experiment was carried out on two successive were done according to Naguib . The total solubles
seasons. Homogenously sized lots of roselle seeds sugars and polysaccharides were estimated by the
(Hibiscus sabdariffa L) were sown in pots (50 cm in method described by Younis  and recorded in AOAC .
diameter) containing equal amounts of homogenous soil Total soluble-N and total–N were estimated by
(2 clay : 1 sand). Phosphorus (3 g/pot) in the form of triple conventional micokjeldahle method . Subtracting total
phosphate was added after sowing. After 15 days from soluble–N from total–N gave the value of protein–N.
sowing thinning was done, so as two uniform plants were The results were Statistically analyzed using the least
left in each pot. Two plants from each pot were grown for significant difference at 5% and 1% levels of
studying the effect of different treatments on the quantity probability . 
and quality of the harvested yield. The pots were divided
into 2 sets, each composed of 45 pots. The pots of the RESULTS AND DISCUSSIONS
first set were divided into 9 groups, each group composed
of 5 pots. The plants of the 9 groups were sprayed with  It has been found, in the present work that GA , BA
H O (control), 100, 200 mg/L GA , 100, 200 mg/L BA, or mixture of both highly significant increased the seeds2      3

100mg/L GA +100 mg/L BA, 200 mg/L GA +100 mg/L BA, yield of roselle plants (Table 1) compared with the3      3

100 mg/L GA +200 mg/L BA and 200 mg/L GA +200 mg/L untreated plants in absence of Fe-EDTA. Maximum3       3 

BA, respectively. increments were obtained by applying 100mg/L of both
The plants of the second set were also, divided into BA and GA .These results are in agreement with those of

the same 9 groups as in the first set, the plants of the first Kaushal and Rana  who applying GA  on saffron.
group sprayed with Fe – EDTA only, while the plants of Monsour et al  found that BA application on soybean
the rest groups were treated with both Fe – EDTA and the plants significantly increased the number of pods/ plants
previous different treatments of growth regulators. The and seed weight/ plant. In addition Bondok et al  found
treatments were imposed as foliar spray and were carried that promalin increased bolls and seed yield of cotton
out twice after 60 and 75 days from sowing and left the plants.
plants till harvesting.  The increase in the yielded seeds of roselle plants by

The weight of yielded seeds per plant were application of GA  and/or BA relative to untreated plant
determined. Oil percentage and fatty acids composition, might result through breaking the apical dominance of
carbohydrate contents and nitrogen constituents were roselle plants leading to the increase in flowering
analyzed in the harvested seeds. branches and consequently the number of fruits. The

Chemicals analysis. The lipids were extracted according promotive effect of GA and BA in increase the assimilates
to Kates and Eberhardt . The lipid samples were and their translocations from leaves to the fruits where the[20]

[17]

conducted using a coiled glass column (1.5 m x 4 mm O.D.)

10% Polyethylene glycol adipate (PEGA). The column
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Table 1: Effect  of  GA ,  BA  or  mixture  of  both  on  air  dried wt. of seeds/ plant and seeds oil percentage of Hibiscus sabdariffa L.plants in absence3

(-) and presence (+) of Fe-EDTA.
Treatment Fe – EDTA
-------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------
BA (mg/L) GA  (mg/L) Air dried wt. of seeds/ plant (g) Oil %3

--------------------------------------------------- ------------------------------------------------
- + - +

0.0 0.0 14.50 18.63 15.50 15.60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
0.0 100 18.99 21.18 15.78 15.80

200 21.51 23.07 16.40 16.32
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 0.0 21.19 22.22 15.90 16.00
200 22.70 23.88 16.58 16.60
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
100 100 25.00 32.48 18.21 18.95

200 22.59 27.99 18.73 18.72
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
200 100 22.92 26.99 18.20 18.10

200 22.76 26.39 18.50 18.50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5% 1.18 1.47 0.11 0.12

1% 1.58 1.97 0.15 0.16
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5% 1.30 0.59

1% 1.72 0.80 

Table 2: Effect   of   gibberellic   acid   (GA ),  benzyladenine  (BA) and mixture of both on fatty acid composition of roselle seeds in absence (-) and presence (+) of 3

Fe – EDTA
Fatty acid control 100GA 200 GA 100BA 200BA 100GA + 200GA+ 100GA + 200GA +3  3 3 3 3

100BA 100BA 200BA 200BA
---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
- + - + - + - + - + - + - + - + - +

Lauric (C ) 0.25 0.15 0.55 0.27 0.31 0.21 0.05 0.13 0.31 - 0.15 0.03 0.15 - 0.31 0.27 0.24 0.9312:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tridecanoic(C ) 0.32 0.31 0.59 0.45 1.19 0.36 0.36 0.26 0.32 - 0.25 0.28 0.11 0.29 0.22 0.36 0.21 1.8413:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Myristic (C ) 0.74 0.23 0.76 0.23 0.21 0.79 0.54 1.05 0.96 0.99 0.77 0.03 1.15 - 0.79 0.72 0.19 0.3114:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Palmitic (C ) 22.85 21.61 17.46 16.36 18.06 19.06 17.22 17.23 18.86 17.79 16.44 16.31 17.98 17.53 16.39 16.55 18.38 17.2716:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Palmitolic (C ) 0.44 0.53 0.56 0.35 0.61 0.46 0.66 0.52 0.21 0.44 0.54 0.32 0.83 0.51 0.39 0.27 0.78 1.2616:1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stearic (C ) 3.59 2.93 3.56 3.49 2.84 3.32 3.87 3.66 3.91 3.58 4.09 2.78 2.16 3.85 3.86 3.76 2.43 1.1418:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Oleic (C ) 20.22 21.13 24.86 24.88 24.95 25.82 28.13 26.09 24.30 25.45 29.67 35.54 27.03 29.03 28.34 29.39 25.56 25.2318:1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Linoleic (C ) 21.94 22.65 23.05 23.83 23.01 23.61 22.87 25.03 26.30 26.73 24.82 25.72 28.35 30.31 24.21 27.14 28.26 30.1418:2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Linolenic (C ) 0.76 1.49 2.06 2.98 0.87 0.85 1.63 0.79 0.57 0.72 0.57 0.81 1.02 1.77 0.96 0.47 0.69 1.0418:3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Arachidic (C ) 1.04 0.44 1.26 1.92 0.81 0.41 0.87 0.89 1.05 1.14 1.07 0.05 1.84 2.89 1.28 0.92 0.32 3.2520:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eicosadienic (C ) 2.98 2.75 3.42 3.15 2.53 3.11 3.63 3.69 2.75 2.51 2.73 2.76 0.11 3.68 2.99 1.68 0.41 0.0420:2

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Eicosatrienoic (C ) 6.29 6.77 5.68 5.82 7.06 7.19 6.54 7.15 7.27 6.15 7.82 5.55 4.26 - 7.17 6.21 2.81 4.1220:3

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Arachidonic (C ) 3.16 3.72 3.43 3.86 4.79 4.71 3.96 4.01 4.16 5.03 4.14 4.22 4.84 5.03 3.32 4.19 4.99 4.5320:4

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Erucic (C ) 0.95 1.21 1.14 1.52 1.04 1.03 0.89 1.02 0.48 - 0.51 - 0.07 - 1.01 - - -22:1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tricosanoic (C ) 8.17 7.56 7.06 6.57 6.97 6.05 5.18 5.31 5.39 5.42 3.63 2.36 5.09 3.47 5.64 5.13 6.32 5.2123:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Lignoceric (C ) 3.08 2.95 3.12 2.31 1.96 1.36 2.63 2.03 1.72 2.91 1.57 1.13 2.49 2.89 2.64 2.22 6.81 2.0324:0

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total Known 96.78 96.43 98.59 97.99 97.21 98.34 99.03 98.86 98.56 98.86 98.77 97.89 97.48 99.25 99.52 99.28 98.41 98.32
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total unknown 3.22 3.57 1.41 2.01 2.79 1.66 0.70 1.14 1.44 1.14 1.23 2.11 2.52 1.75 0.48 0.72 1.59 1.69
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 2: Continued
Unsaturated 56.64 60.25 64.21 66.35 64.85 66.76 68.26 68.29 66.03 67.01 70.78 74.91 66.56 67.32 68.37 69.34 63.48 66.36
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Saturated 40.14 36.18 34.38 31.64 32.35 31.54 30.78 30.57 32.53 31.85 27.99 22.98 30.92 30.92 31.13 29.89 34.93 31.96
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ratio unsat/sat 1.42 1.67 1.86 2.11 2.01 2.12 2.22 2.23 2.03 2.11 2.53 3.26 1.96 2.17 2.19 2.32 1.82 2.08

Total soluble sugars Total soluble nitrogen

Polysaccharides  Protein nitrogen

Total carbohydrates Total nitrogen

Concentration mg / L Concentration mg / L

Fig. 1: Effect of gibberellic acid (GA3), benzyladenine (BA) or mixture of both on carbohydrate contents and nitrogen
constituents as % of the control in the yielded seeds of Hibiscus sabdariffa L. plants in  absence (-) and
presence (+) of Fe-EDTA.

seed weight increased . respect, Naguib and Ali  and Mishra et al  found that[31,24]

 Addition of Fe-EDTA to BA, GA  or mixture of both application of Fe increased significantly the yield3

synergestically increased the yield components compared components. Iron is one of the ions usually supplied as
with the same treatments in absence of Fe-EDTA. In this mineral nutrients from the soil and known to be essential

[30]    [26]
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for plant growth . Naguib and Ali  pointed to the role (C ) and tricosanoc (C ). On the other hand, the[18]    [30]

of Fe in chlorophyll biosynthesis and in turn on unsaturated fatty acids were markedly increased
increasing the photosynthetic rate which is followed by especially oleic and linoleic. The magnitude of such
an accumulation of soluble sugars and soluble nitrogen in increase   was   much   more   pronounced  by  applying
the plant tissues. The excess of these metabolites were 100 mg/L of GA + BA and 200 mg/L GA + 100 mg/L BA
mobilized to the different yield components. in presence of Fe - EDTA, respectively (Table 2),

The different treatments of GA  and/or BA in absence Moreover, the treatment with GA  and BA caused3

and presence of Fe–EDTA increased oil percentage appreciable  changes  in  the  fatty  acid composition of
compared to that of the control. Such increases were the oil of the yielded seeds of roselle plants, since the
much more pronounced by applying 100 mg/L of each of total unsaturated fatty acids increased at the expense of
GA +BA and 200 mg/L of each of GA +BA in presence of saturated ones relative to the control values. These3        3

Fe-EDTA which were evaluated by 22.3% and 19.4% results  are  quite  similar  to  those  obtained  by Ibrahim
above  those  of  the  untreated control, respectively et al  who found that kinetin treatment increased
(Table 1).These results were supported by Singh et al unsaturated fatty acid at the expense of saturated fatty[40]

and Dholekar et al  who found that GA  treatment acids in Helianthus annuus yielded seeds. In addition,[13]
3

increased significantly oil percentage of Mentha spicata kinetin may be playing a role in fatty acids synthesis,
and safflower plants, respectively. El–Meleigy  and desaturation and chain elongation reactions. The effects[14]

Talaat and Youssef  stated that the promotive effect of on individual fatty acids varied between cultivars and[43]

BA treatment on increasing oil percentage in seeds of treatments .
roselle plants was due to the effect of BA in promoting Therefore, roselle seeds might be provided as a new
the nutrient transport into the developing roselle seeds. source of edible oil, since fatty acid composition of roselle
 Foliar application of GA  and/or BA treatments used in seeds oil was found to be similar to edible oil; corn . 3

combination with Fe–EDTA slightly increased the oil In addition to the economic importance of roselle
percentage as compared with that of the corresponding seeds as a source of oil, the seeds are rich in protein and
treatments in absence of Fe-EDTA. In this respect, carbohydrates . It has been shown from the present
Abdel–Shafy et al  and Singh et al  stated that Fe results, that the different treatments BA, GA  and mixture[2]    [39]

increased significantly oil percentage of cotton seeds and of both; in general; increased significantly the soluble
lemon grass, respectively. sugar, polysaccharide, total carbohydrate contents,

The results of the gas chromatographic analysis of soluble–N, protein–N and total–N contents of yielded
the methyl esters of fatty acids of yielded roselle seeds roselle seeds over those of the control. (Fig. 1). In this
revealed that palmitic acid was the most predominant respect Gaber et al  reported that foliar spray of faba
saturated fatty acid (22.85%), while oleic acid (20.23%) bean with GA  increased the polysaccharides which form
and linoleic acid (21.94%) were the major unsaturated fatty the predominant fraction in the carbohydrate pool in the
acids(Table 2).In this respect, Ahmed and Hudson yielded seeds and thereby increased significantly the total[5]

reported that crude karkade seed oil (al–Rahad variety) carbohydrates. However, the increases in nitrogen
contained linoleic (37.4%), oleic (34.6%) and palmitic fraction in roselle seeds in response to GA  treatments are
(20.5%) acids in high amounts than other fatty acids. Abu in agreement with those obtained by Shady et al  who
–Tarboush et al  found that the fatty acid composition of reported that spraying faba bean plants with GA[3]

crude karkade seed oil (Hibiscus sabdariffa) contained increased soluble–N, amino–N and decreased total–N and
palmitic (19.9%), oleic (36.77%) and linoleic (33.4%) acids protein–N. Also, Khafagy  found that GA  induced an
in higher amounts than other fatty acids. Lauric acid increase in protein percentage in Glycine max. In addition,
(C ), tridecanoic (C ), myristic (C ), palmitoleic acid Gaber et al  showed that GA  application increased the12:0   13:0   14:0

(C ), Linolenic acid (C ), archidic acid (C ) and erucic total soluble–N and total–N and decreased protein–N,16:1    18:3    20:4

acid (C ) were present as minor fatty acids. Moreover, which was accompanied by a reduction in total protein.22:1

the absence of the low molecular weight fatty acids (less Mansour et al  reported that kinetin has a favorable
than C ) from the yielded seeds of untreated and effect on the synthesis of polysaccharides of soybean12

differently treated roselle plant, was known to enhance seeds. Mostafa et al  revealed that foliar spray of BA on
the oil stability . soybean plant induced a marked increase in the[45]

The exposure of roselle plant to various polysaccharide contents, which form the predominant
concentrations of GA and/or BA in absence and fraction in the carbohydrate content of seeds and3 

presence of Fe–EDTA induced marked decreases in the accompanied by a marked increase in the DRV and
levels of saturated fatty acids particularly palmitic acid sucrose content. In this respect, Asthir et al  stated that

16:0    23:0
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kinetin stimulated the activity of enzymes participating in 8. Astheir, B., A. Kaur, and A.S. Basra, 1998. Do
the synthesis of polysaccharides at the expense of simple phytohormones influence the uptake and metabolism
carbohydrates (mono– and disaccharides). Also, of sucrose in spikelets of wheat. Phyton. Horn., 38:
El–Meleigy  and Sun et al  reported that BA enhanced 293–299.[14]    [42]

the biosynthetic reactions in roselle seeds through 9. Aycock B., P. Dugger and D. Richter, 1999. Super
accumulating total carbohydrate and total–N contents. start, SUL–15, GS–48, and GS–70 plant growth

Our results indicated that yielded seeds of roselle regulators carried with foliar fertilizers for cotton
plants treated with GA  and BA are rich in protein–N. In3

this connection Ahmed  reported that roselle seeds might[4]

be provide as a good source of protein, in addition to the
acceptable nutritional value of the defatted meal.
Moreover, Abu-Tarboush et al  found that roselle seeds[3]

protein, when compared to reference protein
(FAO/WHO/UNU, 1985), only phenylalanine + tyrosine of
the Karkade protein isolated (KPF) met the required levels
for infants. 

In conclusion, roselle seeds may be provided as a
new source of edible oil and protein. 
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