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ABSTRACT

Field and laboratory studies were conducted in the two
successive summer growing seasons of 2005 and 2006 in Klabshu
Research station and in Oils and Fats Res. Dept., Food Technology
Research Iustitute to evaluate: 1] the effect of micronutrients
mixture and N-levels (30, 60, 90 and 120 Kg N/Fed) on growth,
yield and yield components and quality parameters of sunflower
variety namely Sakha 53 in sandy soil under drip irrigation
system; 2] the productivity of the new variety of sunflower in the
Egyptian reclaimed lands and 3]the effect of micronutrients and
N-levels on oil, protein and phenols contents of sunflower seeds
and their physicochemical characteristics; refractive index at 25°C
(RI), viscosity at 25°C (RI), %free fatty acids (FFA), peroxide
(PV), iodine values (IV) and unsaponifiable matter% (UNSAP).
Fatty acids profile of sunflower seeds oil and their oxidative
stability were also examined.

The obtained results revealed that: Increasing nitrogen
fertilizer from 30 up to 120 N Kg / Fed increased significantly
plant height, leaf area / plant, specific leaf weight, stem diameter,
head diameter, 100-seed weight, seed yield/plant and seed yield /
Fed. Foliar spray method with micronutrients mixture of Fe, Zn
and Mn increased significantly plant height, leaf area / plant while
there were no significant variations concerning the other
characters,
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The interaction between foliar spray of micronutrient
mixture and nitrogen fertilization showed no statistical effect on all
characters under investigation. The results also showed that Sakha
53  variety proved its high productivity as a new variety,
characterized with its high content of oil which reached up to
47.51%, in the Egyptian lands. Sakha 53 had high protein content
(25.9%) in both seasons. Physical and chemical characteristics (RI,
Visc. at 25°C, IV and UNSAP%) were almost the same, Sunflower
oil had low %FFA and PV(0.19-0.24% and 0.54-0.93meq/Kg oil),
respectively. '

Fatty acids profile of Sakha 53 showed that, the predominant
saturated fatty acids were palmitic and stearic ,while the
predominant unsaturated fatty acids were oleic and linoleic. The
oxidative stability of oils was varying in propotional to their fatty
acids content. Total phenols as mg/Kg caffeic acid of the seeds was
ranged from 618-944 mg/Kg seeds regardiess the harvesting
seasons and nitrogen treatments. HPLC analysis of phenols
revealed that, the major phenol fractions of Sakha 53 seeds were
chloregenic, caffeic acids followed by protocatechic and vanillic
acids. '

It could be concluded that Sakha 53 may be contributed in
the shortage of oil production gape due to its high content of oil
and high productivity in the Egyptian land. Also, results indicated
that, coating sunflower seeds with micronutrients mixture (Fe +
Zn + Mn) with adding 120 Kg N/Fed may be gave the highest
productivity of Sakha 53 variety.

INTRODUCTION

Egypt is one of the world's fastest growing vegetable oil
markets for several years. Over the previous five or six years, total
consumption of vegetable oils and fats increased from 800.000 to
about 1.3 M tonne, almost three times the world average growth rate.
(Buckley, 2005)

Sunflower (Helianthus annus) L. is an important source of high
quality edible oil. It's considered to be the most important oil seed
crop of the world due to its wide range adaptability and highest oil (40
— 50%) seed contents (Nawaz et al., 2003). Sunflower oil, regained
some of its popularity in 2005/06 after the Egyptian government
changed the mix on its ration card scheme for cooking oil from 80/20
to 50/50 soy/sunflower. Under this programme, poorer consumers get

-616-



Composition characteristics of sunflower seeds

oil and margarine at subsidized prices, which should boost sunflower
oil consumption further. (Buckley, 2005)

However, the shortage in oil crops production and huge gape
between the oil production and consumption which reached almost 90
% and the lake of the Egyptian cuitivated land that urged the
government to expand and reclaimed large areas in the desert. In the
newly reclaimed sandy soils, micronutrients and nitrogen fertilizers
are playing a great role to obtain high yield per area unit. Nitrogen is
the most important limiting nutrient and frequently deficient in the
Egyptian soils, especially in newly reclaimed lands. Hefni et al. (1985)
found that, application of 30 and 60KgN/Fed on sunflower plant
increased head diameter, 100-seed weight, seed yield /plant (El-
Ahmer et al. ,1990). Metwally (1995) showed that, adding N fertilizer
at the rate of 45K g N/Fed significantly increased plant height and stem
diameter of sunflower. Singh et al. (1995) reported that, various
growth attributes of sunflower; i.e., plant height, stem and head
diameter increased linearly with addition of nitrogen up to 80KgN/ha.
Hermati (1993) reported that, sunflower hybrids were given 0-150Kg
N, 0-150Kg P,0Os and 0-180Kg K,0O/ ha. Increasing nitrogen
application rates slightly increased yield.

The present study was conducted with the objectives to study the
effect of NPK levels on yield and yield components of sunflower, and
to select the best treatments in increasing the sunflower seed oil
percentage with maintaining the best quality characteristics, of its
physicochemical properties.

MATERIALS AND METHODS
Experimental;

The study was carried out at Klabshu Agricultural Research
station, Dakahlia Governorate during the two growing seasons of 2005
and 2006 to study the response of sunflower to micronutrients mixture
Fe, Zn and Mn applied as foliar spray with four different levels of
nitrogen fertilization.

The experiment was laid out in RCB designs with four
replications. The main plots were devoted to applying micronutrients
while the subplots included the nitrogen fertilizer levels as following:
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Main plots (200 ppm Fe + 30 ppm Zn + 200 ppm Mn)
Subplots (Nitrogen fertilization levels): 30, 60, 90 and120 Kg
N/Fed
Micronutrients were added in the form of EDTA. The
experimental basic unit area included five rid§es, each of 60 ¢cm width
and 3.5m length occupying an area of 10.5m" sunflower seeds "Sakha
53" were planted on 20/5/2005 and 25/5/2006 in the first and second
seasons, respectively. All the plant protection measures and cultural
practices were performed as usual.
Some physical and chemical properties of the experimental site
are shown in Table 1.
Table 1: Some physical and chemical properties of the
experimental soil site

. Mechanical analysis Chemical analysis
Clay % pH (1:1) : 8.22
Silet % ' ~ EC (1:1) (mm hos) : 0.65
Sand % - 68.3 % CaCo3% 18.20
' oM : 0.08

Sandy Total nitrogen % 0.017
Loam P (ppm) 3.50
Exchangeable K meq /100g soil: 0.30

" Texture

At harvest a random sample of ten guarded plants per plot were
taken to measure, plant height (cm), stem diameter (cm), head
diameter (cm), seed yield / plant (g) and 100-seed weight (g). The
seed yields were recorded on a plot basis then transferred, to seed
yield in Kg/ Fed. Data were statistically analyzed according to Steel
and Torrie (1980). '
Laboratory analysis

Determination of oil percentage of sunflower seeds: oil
percentage was conducted using Soxhlet apparatus for 16 h according
to the AOAC (2000) methods.

Determination of protein content of sunflower seeds

protein content was determined according to the AOAC (2000)

methods.
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Oil extraction : oil was extracted from sunflower seeds after soaking
twice in hexane. The collected solvents were evaporated under
vacuum and the obtained oils were kept at -4°C in dark bottles till
analysis.
Determination of the physical and chemical characteristics of
sunflower seeds oil

Refractive index (RI) at 25°C, free fatty acids, peroxide and iodine
values of the extracted oils were determined according to the AOAC
(2000) methods. Sunflower seeds oil viscosity was measured using
the Viscometer Brook-field RVDV1+C/P (cone/plate Viscomeier, CP
41) connected to a water bath Brookfield TC 500. Viscosity was
carried out at 25° + 0.01°C according to the method described by
Howard (1991).
Determination of fatty acids content : Fatty acids content of
extracted oil were determined using Agilent 6890 GC.

Fatty acids content of the oils were converted into methyl esters
using diazomethane and identified by gas liquid chromatography
according to the methods of Leth et al. (1998). Fatty acids
composition was achieved by gas Liquid chromatography fitted with
flame ionization detector, column (1.5m x 4mm) packed with
diatomate C (100-120 mesh) and coated with 10% polyethylene glycol
adipate (PEGA). Temperature program was from 70° to 190°C at 8°C /
min, then isothermally at this temperature for 20 min. Nitrogen flow
rate was 30 ml/min. Detector, injection temperatures, hydrogen and
air-flow rates and chart speed were 300°C, 250°C, 33 mi/min, 330
ml/min, respectively. Fatty acids were identified according to an
authentic sample of fatty acids chromatographer internal standard.
Determination of the extracted oils susceptibility to oxidation with
the Rancimat method:

Five grams of sunflower seed oils were accurately weight into
each of the reaction vessels, and the following procedure was carried
out according to the method described by Mendez, et al. (1996). The
Metrohm Rancimat 679 was switched on until the temperature of the
oil batch reached 100°C. Then 60 cm’® of distilled water was placed
into each of the six conductivity cells, and the air flow was set at 20 L
/ hr, The temperature was checked to ensurc that it had a constant
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- value. The air supply was connected to the tubes containing the oil
samples, and the chart recorded was started. The determination
continued automatically until the conductwlty reached the maximum
value and the induction period was read. -
Extraction of total phenols: _

20g of defatted sunflower seeds, collected from the harvested
plant (2005, 2006 seasons) treated with 30,60,90 and 120 Kg N/Fed,
were extracted using 200 mi methanol for 24 h at room temperature
according to the method described by Duh, et al. (1992). The extracts
were filtered, and the residue was re-extracted using the same
conditions and the collected solvents were evaporated under vacuum
to 5ml at 40°C and complete dryness was achieved in vacuum and
kept at - 4°C till analysis.

Determination of total phenols
_ Total phenols content was determined spectrophotometrically
using Folin-Ciocattean reagent according to the method described by
Duh, et al. (1992). The methanolic extracts (0.1 ml) of samples in a
.volumetric flask were diluted with glass-distilled water (75 ml). Folin-
Ciocalteau reagent (5 ml) was added and the content of the flask
_ mixed thoroughly. After 3 min., Sodium Carbonate (Na, Cos) Solution
- (10 m, 10% w/v) was added and finally quantified to 100 ml glass-
.. distilled water and then the mixture was allowed to stand for 30 min.
with intermittent shaking. The blue colour was measured with a UV-
Vis Spectrophotometer. The concentration of total phenolic
compounds in samples, mg/kg of dry product, were determined as
caffeic acid.

1dentification of phenols

Phenols of sunflower seeds, were identified by Hewlett-Packard
HPLC. Identification of phenols was achieved at 280 nm by internal
standard method of Evangelisti, et al. (1997).
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RESULTS AND DISCUSSION
Growth characters :
a- Effect of micronutrients mixture:

Data in Table 2 show that micronutrients mixture significantly
affected plant height and stem diameter, whereas head diameter
recorded insignificant effect. These results could be explained on the
basis that micronutrients must be presented during vegetative stage to
get the normal growth of plant roots specially under sandy soil
condition. (Osawa, 1973).

b- Effect of nitrogen fertilization :

~ Results showed that, in both seasons and combined increasing
nitrogen fertilizer from 30 up to 120 KgN/Fed significantly increased
plant height, leaf area/plant, specific leaf weight, stem diameter and
head diameter (Table 2). Such results emphasized the function of N in
plant metabolism. In this respect, Haron and salah (1991) reported
that, increasing nitrogen application from 0 to 60 KgN/fed markedly
increased plant height, stem diameter, leaf area index and head
diameter.
¢- Interaction effect beiween applying micronutrients mixture and

nitrogen fertilization :

The data in Table 2 revealed that, the interaction effect recorded
insignificant effect between the two factors on all studies growth
characters indicating that each factor had an independent effect.

Yield components:

Data in Table 3 reveal that seed yield / plant was significantly
affected by applying of micronutrients (Fe + Zn + Mn), while 100-
seed weight recorded insignificant effect. Concerning the effect of
nitrogen fertilization, 100-seed weight and seed yield / plant increased
significantly with increasing nitrogen fertilizer level from 30 up to
120 Kg / Fed, but 100 seed weight recorded insignificant effect
between 90 and 120 Kg N/Fed levels. In this respect, Anton et al.
(1995) reported that, the addition of nitrogen fertilizer up to 90 Kg
N/Fed increased insignificantly seed index of sunflower plants.

The interaction effect between micronutrients mixture
(Fe+Zn+Mn) and nitrogen levels, showed no statistical effect on 100 —
seed weight and seed yield / plant in the two seasons.
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Table 2: Effect of foliar spray of micronutrients mixture and different nitrogen fertilization on yield

growth character of Sakha 53 Variety during 2005 and 2006 seasons

Nitrogen Plant height Leaf area / plant Specific leaf Stem diameter Head diameter
levels (cr) (co?) Area (mg / cm?) . (cm) (cm)
Foliar Spray
of (Fe + Mn Kg/Fed 2065 ] 2006 { Comb. | 2005 | 2006 | Comb. | 2005 | 2006 | Comb. | 2005 | 2006 | Comb. | 2005 | 2006 | Comb.
+ Zn)
30 114.2 | 1153 | 114.8 | 618.6 | 622.5 | 620.6 | 3,85 | 3.68 | 3.77 | 0.82 | 0.84 | 0.83 | 10.0 | 10.2 10.1
60 120.7 | 124.2 } 1225 - 605.7; 659.81 6328 | 3.98 | 3.82 | 390 | 091 [ 0.94 | 093 | 109 | 115 11.2
90 132.7 1 136.0 | 1344 ! 739516937 | 716.6 | 3.96 [ 409 [ 403 | 1.01 | 1.04 | 102 | 119 | 119 11.9
120 139.5 ) 133.4 | 1365 {7594 [ 7376 | 7376 | 456 | 431 | 444 | 1.03 | 1.09 | 1.06 | 12.2 | 124 12.3
Mean 126.7 | 127.2 | 1269 | 680.8 | 673.0 | 676.9 | 4.09 | 3.98 | 404 | 094 | 098 [ 0.9 | 11.3 | 115 114
L.S.D 5%
753 ) 558 | 439 | 439 | 684 § 367 {357 30333 031 } 021 | 007} 005 | 119 | 121 0.78
)]

L.S.D5% FS ] NS S 5 5 ] NS | NS § NS | NS S NS NS NS

NXFS

NS NS NS

NS NS NS

NS | NS NS

NS | NS NS

NS | NS N.S
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Table 3: Effect of foliar spray of wmicronutrients mixture and different levels of nitrogen fertilizer on

and its components of Sakha 53 variety during 2005 and 2006 seasons

Composition characteristics of sunflower seeds

Nitrogen
Foliar
levels 100 ~ Seed weight (g) Seed yicld / Plant (g) Seed yield / Fed (Kg)
spra :
pray Kg / Fed
2005 2006 Comb. 2005 2006 Comb. 2008 2006 Comb.,
30 3.63 3.77 3.70 12.11 13.24 12.68 528.0 555.6 541.8
60 3.97 4.15 4.06 13.83 14.80 14.32 623.6 632.8 628.2
90 4.42 4.68 4.55 18.25 19.33 18.79 736.8 753.2 745.0
120 4.72 . 4.84 4,78 21.14 22.55 21.88 766.4 844.8 805.6
Mean 4.19 4.36 4.27 16.33 17.49 16.91 663.7 696.6 680.2
L.S.D. 5%
N.S N.S N.S S N.S S S S S
(FS)
L.S.D.5% 0.60 0.40 0.35 1.80 2.2 1.35 51.4 42.0 29.9
(N) FSXN NS N§ NS NS NS NS NS NS NS
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Seed yield :

Table 3 shows that, seed yield was insignificantly affected by
spraying sunflower plants with the micronutrients mixture (Fe
+Zn+Mn). These results are in harmony with those obtained by El-
Yamany et al. (1993) who concluded that, seed coating with (Fe + Zn
+ Mn} increased significantly seed yield of sunflower compared with
foliar spray of the same micronutrients.

Increasing nitrogen levels from 30 Kg N /Fed up to 120 Kg N/Fed
increased significantly sunflower seed yield (Table 3). Such resuits
reveal the important role of nitrogen in increasing sunflower
production under sandy soil conditions. In this respect, Awad and
Griesh (1992) pointed out that, application of 120 Kg N / Fed to
sunflower plant increased seed yield / Fed under sandy soil conditions.
Regarding the interaction effect between foliar spray of micronutrients
in combination with nitrogen fertilizer levels, it is clear that such
interaction had insignificant effect on seed yield per plants as well as
seed yield / Fed in both seasons.

Physicochemical characteristics of sunflower seeds oil

Effect of nitrogen fertilization on oil content in sunflower seeds
samples was determined and results are presented in Table 4. Results
revealed that increasing nitrogen fertilizer from 30 up to 120 KgN/Fed
significantly increased oil content in seeds from 33.12, 34.58 to 46.09,
47.51% in both seasons, respectively. El-Ahmer, et al. (1990) reported
that, oil content of sunflower seeds planted in Egypt was 29.67%.
Nawaz et al. (2003) also mentioned a high oil percentage of sunflower
seeds.

Table 4 also reveals that protein content depend on nitrogen
fertilization Ievel, which means that the highest protein content was
found in sunflower seeds treated with 120K g N/Fed.

Refractive index at 25°C and viscosity at 25°C ranged from
1.4710 to 1.4750 and from 48.20 to 55.00 cP, respectively compared
with 1.4726 and 85.50 cP, respectively of Rizk, et al, (2006).
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Table 4: Effect of nitrogen fertilization on oil, protein contents and
physicochemical characteristics of sunflower seeds oils.

N 30 N 60 N9 . N 120
, Sunflower

il

2005 | 2006 | 2005 | 2606 | 2005 | 2006 | 2005 | 2006

% oil 33.12 | 34.58 | 34.29 | 35.5 | 38.94 | 40.82 | 46.09 | 47.51 29.67*

Yo

. 16.3 16.1 19.8 18.9 250 | 249 | 254 | 259 -
Protein

RI(25°C) | 1.4718 | 1.4720 ¢ 1.4712 1 1.4750 11.4750 | 1.4710 | 1.4736 | 1.4740 | 1.4726**

Visc.cP

(25°C) 51.19 | 5030 ; 53.80 | 55.00 | 54.30 | 52.70 | 50.90 | 48.20 | 85.50**

% FFA |.022 { 0.21 0:24 | 019 | 017 | 6.19 0.2 0.15 0.04**

PV 064 | 0.79 | 054 | 063 | 0.72 | 0.76 | 093 | 0.62 0.80**

v 112.45| 118.00 | 120.92 | 119,12 | 125,32 | 117.96 | 132,10 | 132.84 ; 130.00**

UNSAP% | 1.08 | 096 | 161 | 1.91 | 094 | 0.60 | 1.85 | 1.98 -

* Results are reported by El-Ahmer, et al. (1990)
** Results are reported by Rizk, et al. (2006)

Free fatty acids (%FFA) and peroxide value (PV) showed low
values in both seasons, may be due to the freshness of seeds and
extracted oils. Jodine values (1V) of the extracted oils indicated that all
sunflower seeds samples were semi-drying oils and that is because of
their iodine values were laying between 112-130 gl,/ Kg oil (Table 4).
The obtained data of %FFA, PV and IV were almost the same as those
reported by Rizk, et al. (2006).

Unsaponifiable matter % ranged from 0.6 to 1.98 % in seed oils
in both seazons with slight variations between treatments.
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N Results‘ in Table 4 ascertained that, increasing nitrogen level had
- no significant effect on physicochemical characteristics of the
extracted oils from seeds harvested from the two seasons.

Fatty acids profile of sunflower seeds oils

' Fatty acids profile of sunflower seeds oil (Table 5) showed that,
oils extracted in the two seasons were almost similar in their fatty
acids profile except oleic and linoleic acids percentages, were only
similar in samples fertilized with 30, 60Kg N/Fed, (40, 50%),
respectively, and differed with higher nitrogen concentration (90, 120
Kg N/Fed). _

Table 5: Effect of nitrogen fertilization on fatty acids profile of

sunflower seed oils

' N 30 N 60 N9 N120

Fatty .
. Sun. oil*

Acids

: 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006

16:0 516 | 576 | 482 | 515 | 473 | 491 | 523 | 551 6.67

16:1 012 | 0,16 | 024 | 017 | 015 | €13 | 0.15 | 0.09 -

18:0 |[°325 | 336 | 2.78 | 3.01 352 | 328 | 325 | 248 4.10

18:1 42.19 | 39.82 | 41,72 | 39.97 | 4983 | 52.73 | 23.65 | 26.74 15.95

L.

. 18:2 49.26 | 50.74 | 50.18 | 51.59 | 41.73 | 3891 | 67.65 | 65.06 | 73.28

18:3 0.12 { 616 | 618 § 0.09 | 005 | 0.05 | 0.07 | 0.12 -

*Results are reported by Samah and Mohamed (2002)

-Oleic acid increased and linoleic acid decreased in samples
treated with 90 Kg N/ Fed (49.83, 52.73 and 41,73, 38.91%),
respectively in both seasons. Controversy, oleic acid was decreased
sharply with the highest nitrogen fertilization (120 Kg N/ Fed), 23.65,
26.74%, while linoleic acid was greatly increased to 67.65, 65.06%,
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respectively in both seasons. The present data of fatty acids profile are
comparable with those reported by Samah and Mohamed (2002).
Oxidative stability of oils extracted from sunflower seeds
The oxidative stability of oils extracted from sunflower seeds
determined by the Rancimat methods and expressed as induction
period (h) at 100°C are shown in Table 6. Highest oxidative stability
was obtamned in oil extracted from sunflower seceds treated with
90kgN/Fed, while the lowest was with 120 Kg N/Fed. The obtained
data are higher than those reported by Rizk, et al. (2006).

The results also reveled that nitrogen fertilization had no
significant effect on the oxidative stability of oils and these variations
in oil oxidative stability may be attributed to the oleic and linoleic
acids content.

Table 6: Oxidative stability of oils extracted from sunflower seeds

Treatments N30 N60 N90 N120
Sunflower
oil*
Years 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
Induction :
period at 4.3 40 | 4.2 4.0 4.7 49 | 33 3.1 2.62
100°C (h)

*Results are reported by Rizk, et al. {2006)

Total phenols

Total phenols of sunflower seeds were determined by the Folin-
ciocalteu method and results are presented in Table 7. Total phenols
ranged from 618 to 967 mg/kg of dry sample as caffeic acid regardless
to nitrogen concentrations and harvested seasons. These findings
were in agreement with those reported by Samah and Amany (2002).
The highest concentration of phenol compounds was obtained with 90
kg/Fed. N treatment

Phenols fractions

The HPLC analysis of phenols fractions of the methanolic
extracts of sunflower seeds treated with different concentrations of
nitrogen fertilizer; 30, 60, 90 and 120 KgN/Fed are presented in
Table 8 compared with those reported by Samah and Amany (2002).
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Results revealed that major phenolic fraction was chlorogenic
acid (41.0%) followed by caffeic acid (36.7%). Other phenols like
protocatechic acid and vanillic acid were present in 9.2 and 8.4%
respectively.

Table 7: Total phenols (mg/Kg as caffeic acid) of methanolic
extracts from sunflower seeds

Treatments N3O N6} N9 N120
Sunflower
. cake*
Years 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
Total phenols | 752 714 | 646 | 618 | 967 | 944 | 717 711 714

*Results are reported by Samah and Amany (2002)

Table 8: Total phenols fractions as a percentage of sunflower
seeds extracts '

Treatments N30 N6 N9 NI120

Sun.

*
Years 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | “**€

Unknown (1) 74 | 68 | 7.3 | 1.9 | 68 | 71 76 | 7.4 7.30

Unknown (2) 13 [ 17| 25|20 | 06| 12|09 02! 067

Chlorogenic acid | 389 ; 39.0 | 39.0 | 38.8 | 39.6 | 384 | 40.8 | 41.0 | 40.11

Caffeic acid 36.1 | 36.7 | 364 | 348 | 359 | 36.0 ! 351 | 36.0 | 35.11

Protocatechic acid { 7.9 8.2 6.9 8.3 8.8 9,2 8.5 8.4 8.30
Vanillic acid 8.4 76 | 79 | 82 | 83 | 8.1 7.1 7.0 8.51

*Results are reported by Samah and Amany (2002)
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