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ABSTRACT

The current investigation were to study the effect of foliar spray by different zinc oxide nanoparticles

concentrations (0, 100, 200, 300, 400 and 500 ppm) of two sunflower cultivars on agronomical characteristics
(seasons 2017, 2018) and nutritional composition (season 2018). The tested sunflower cultivars had a highly
| significant influence Seed yield/fed., husking percentage, oil percentage and seed oil, G 102 variety gave the
= highest values in the both seasons. Chemical composition (g/100g D.W) of sunflower seeds kernels results
showed that the S 400ppm, G 400ppm samples was significantly (P<0.05) the highest in oil content 61.75 and
Jrbe 60.19, respectively, comparing with the other studied samples. The G 200ppm was higher in protein content
ez with value 23.12% when comparing with the other samples which ranging from 20.52 to 22.95%. For

(& minerals composition (mg/100g D.W) Zn content was decreased significantly (P<0.05) as a result of foliar
spray by ZnO in treated samples when compared with control one. The Mg content was found in higher

values ranging from 3471.36 to 4020.05 mg/100g DW. The major fatty acids in sunflower kernel oil were
! oleic and linoleic make up more than 90 % of the total fatty acids. For defatted sunflower kernels samples the
protein, crude fiber content were found in a higher contents ranging 49.29-52.95, 7.11-15.22, respectively.

Defatted meal or cake was found as a nutritional material, good source of minerals, convenient for human
nutrition which produces high acceptability bread comparable to control for 5, 10 and 15% replacement ratio.

Keywords: ZnO, nanoparticles, fatty acids, Crude fiber, minerals, ball bread.

INTRODUCTION

Nanotechnology offers an expanding research in the
medicine, energy and life sciences fields, such as,
conversion of food wastes to energy, reproductive science
and technology. Nano fertilizers might have an important
role for enhancement target activity; regulate plant growth
by controlling release nutrients and chemical fertilizers.
The using of nanoparticles metal oxides (ZnO, TiO,, CeO,
CuO, Fes04 Fe0s, ...) on plants resulting many
physiological and morphological changes which depend on
their properties as reactivity, chemical composition, surface
covering and its effective used dose in nano form. On the
other hand some studies in this field suggested both
negative, positive effects on development and plant growth
when NPs was used with some plant species (Giraldo et al.,
2014, Ditta and Arshad 2016).

Zinc ions (Zn2+) belong to micronutrients and
conventional fertilizers (not only) of zinc are faced with
poor bioavailability problem, which due to conversion of
the zinc to insoluble compounds in the soil. Zinc has been
considered as an important micronutrient for metabolic
activities in plants These ZnO nanoscale particles proved
effective in enhancing crop yield, development and plant
growth. A lower dose of foliar application is proved to be
significantly productive. The foliar application of ZnO
nanoparticles showed an increasing in the kernel yield as
compared to seed treatment with ZnO nanoparticles. The
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foliar application of ZnO nanoparticles at 500 ppm
significantly increased the kernel yield (Laware and Shilpa
2014, Torabian and Khoshgoftar 2016).

The addition of zinc sprayed on the sunflower plant
leaves with concentration 7.5 mg.I"* led to a significant
increase in characteristics: seed yield per plant, total seed
yield, seed oil content and oil yield, while increasing
concentration of zinc to 15 mg.l*caused a significant
decrease in that characteristics in the two growing seasons.
The interaction between zinc foliar application and
genotypes for seed yield, oil percent and oil yield were not
statistically significant in both seasons (Al-Doori 2013).

Recently the response of seed yield and fatty acid
compositions for some sunflower genotypes to plant
spacing and nitrogen fertilization was studied. The results
stated that Sakha 53 sunflower cultivar was ranked in the
first order in stem diameter, head diameter, 100-seed
weight, seed weight plant—1 and seed yield fad.—1 as well
as seed oil content whereas, Giza 102 characterized with its
contained the highest proportion of oleic and linoleic
unsaturated fatty acids (Abd El-Satar et al., 2017).

According to worldwide production sunflower plant
(Helianthus annuus) which is ranking fourth between the
major oilseeds crops. Its seeds considered an excellent
source of unsaturated fatty acids, proteins, minerals (P, Zn,
Cu, Fe, Mg, Ca, Se, Na), vitamins (folic acid, pyridoxine,
pantothenic), phytochemicals such as phenolic acids and
tocopherols. The seeds also have a beneficial role against
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cardiovascular diseases, bacterial, fungal infections and
chronic inflammatory conditions. 100g of sunflower seeds
contain moisture 5.50%, ash 3.02g, protein 19.80-20.78g,
fat 51.46-52.10g, fiber 8.6g, carbohydrate 17.9-20.00g and
energy 620kcal. The composition for mineral contents in
sunflower seeds as per 100 g seeds containing calcium 78,
iron 5.25mg, magnesium 325mg, phosphorus 660mg,
potassium 645mg, sodium 9mg, zinc 5 mg, copper 1.80mg,
manganese 1.9 mg, and selenium 53.0mg (Nadeem et al.,
2010, Aishwarya and Anisha 2014, Nandha et al., 2014).

Whole sunflower cake (defatted whole meal)
contain moisture 5.80%, crude fat 11.01%, protein 23.60%,
crude fiber 30.18%, ash 5.66% and carbohydrates 23.75%,
while partially dehulled sunflower cake comprises of 5.60
% moisture, 25.28 % protein, 21.38 % crude fiber, 6.89 %
ash and 19.34 % carbohydrate. Similarly, dehulled
sunflower cake contain moisture, crude protein, crude fat,
crude fiber, ash and carbohydrate contents as 7.59 %, 29.00
%, 30.25 %, 8.60 %,7.50 %, and 11.17 %, respectively
(Srilatha and Krishnakumari, 2003).

Whole sunflower seeds are characterized by high
levels of fat (380-540g kg?) and fiber (120-200g kg?).
Palmitic acid was found in the range of 3 to 35.5 percent for
whole seeds and 3.9 to 35.8 percent for dehulled seeds.
Palmitoleic acid was observed in the range of 0.0 to 8.6
percent and 0.0 to 9 percent, Stearic acid in the range of 1.4
to 30.3 percent and 1.7 to 28.5 percent, oleic acid in the
range of 7.7 t0 90.7 and 9.1 to 90.5 percent and linoleic acid
was observed in the range of 1.8 to 74.5 and 1.9 to 64.4
percent (Canibe et al., 2007, Aishwarya and Anisha 2014).

A mechanical or solvent-based method is used to
extract the oil from whole sunflower seeds or both of them.
After extraction, the remaining part called meal or cake is
used to feeding animal. When hull is removed the oil
extracted from seed kernel has more oil quantity and the
cake quality was improved. Studies have shown that the
percentage of oil extracted from sunflower seeds without
hull is more than 93.6% compared to 86% for whole
seeds.This technique also lowered the crude fiber content
of the cake up to 13%, thereby increasing its nutrient value
and marketability as livestock feed Sunflower cake (left
after the oil extracted) contains high level of crude protein
15-45 percent, and ether extract 3.5-38 percent (Pradhan et
al., 2011, Lomascolo et al., 2012).

The oil yield could be improved up to 15.4 % when
sunflower seeds are dehulled. The physicochemical
properties of oil and the cake quality (high crude protein
content and low crude fibre content) from dehulled seeds
were also significantly improved (Lazaro et al., 2014).

From a nutritionist's point of view, bakery products
made from refined flour do not meet the nutritional
requirements of some nutrients In addition, the balance of
essential amino acids- lysine, threonine and valine are lack
in wheat protein. Nutrition scientists are realizing that more
attention should be paid to one’s daily intake of complex
plant foods like seeds, nuts and whole grains. Therefore,
from consumer point of view there is a need to supplement
wheat flour with other materials that are nutritionally rich,
such as cotton seeds, sunflower seeds and other oil seeds
(Meilgard et al., 2007; Sabitha and Puraikalan, 2014).

Supplementation of wheat flour with different
levels of sunflower seeds in bakery products especially

bread improve the flavor, taste and the nutrient profile of
the breads but negatively affected the volume. Sunflower
seeds can be successfully replacing wheat flour up to 16
percent. There is a significant increase in fiber, fat and
protein values when recipes (for biscuits) containing
sunflower cake at 10 and 20 percent levels were analyzed.
The importance to utilize sunflower kernels is to
supplement it with wheat flour because wheat is the staple
food all over the world (Skrbic and Filipcev, 2008; Anjum
et al., 2012). The aim of this investigation is to study the
effect of foliar spray by different zinc oxide nanoparticles
concentrations (0, 100, 200, 300, 400 and 500ppm) of two
sunflower cultivars (Giza 102, Sakha 53) on agronomical
characteristics and nutritional composition, as well as
processing of ball bread supplemented with 5, 10, 15, 20%
of defatted sunflower seeds kernel.

MATERIALS AND METHODS

Materials

The present investigation was laid out at the
Agronomy Department Farm, Faculty of Agriculture,
Assiut Univ, Assiut Governorate, Egypt; during 2017 and
2018 seasons to study the response of two sunflower
cultivars to foliar spray by zinc oxide nanoparticles. In
addition the nutritional part of this work was done in Food
Science and Technology Department laboratories, Faculty
of Agriculture, Assiut Univ.

A randomized complete block design (RCBD)
using a strip plot arrangement with three replications was
used in the field experiment. The cultivars Sakha-53 and
Giza-102 were a signed vertically, while, zinc oxide
nanoparticles concentrations were allotted horizontally.
The experimental unit area was 10.5 m? (3x3.5 m),
including 5 ridges of 60 cm apart at spacing 25 cm
between hills, leaving one plant / hill at thinning time (21
days after sowing). Seeds were sown on May 25" in the
first and second seasons.

Using zinc oxide nano particles in plants

The ZnO in nano form was obtained from
Agricultural Research Center-Giza Governorate-Egypt.
The inorganic compound Zinc oxide (nano ZnO) appears
as a white powder, it is nearly insoluble in water, so the
required weight of zinc oxide was dissolved in
hydrochloric acid and added to ten liters of water to obtain
the specific concentration and spray on the plant.

Levels of zinc oxide nanoparticles (0, 100, 200
300,400 and 500 ppm) sprayed on the plant leaves one
dose on July 4™

At heading from the heads of two central rows, heads
of five plants were chosen at random from external ridges of
each plot and bagged at early seed development (by using
craft paper) to avoid a bird's damage until maturity.

Methods
Agronomical measured traits
Husking percentage% was determined by hulling about 3 ¢
of whole seeds and was calculated using the following
formula:

Seed husk weight x 100

Whole seeds weight

Seed yield (kg fed.?): Heads of two bagged inner ridges of
each plot were harvested and left two weeks until fully air

404



J. of Food and Dairy Sci., Mansoura Univ., Vol. 10 (11), November, 2019

dried and seeds were manually separated then weighted
and transferred into kg fed.™.

Oil percentage (%): oil percentage in whole sunflower
seeds was estimated by extraction using Soxhlet apparatus
and petroleum ether (Bp40-60°C) as solvent (AOAC 2000)
Oil yield (kg fed.™): Qil yield = Seed yield fed.? x oil
percentage.

The nutritional properties

Sample preparation:

Sunflower seeds from season 2018 were cleaned
manually by removing all the foreign matter such as stones,
dirt and broken seeds. Cleaned seeds washed in abundant
water before being drained on a sieve; husk removed and
then treated as follow:
1-Sunflower kernel meal (SKM): Sunflower kernel meal
refers as such without defatting, which crushed in a pestle
and mortar then stored in a freezer (—20°C) until time for
analysis.
2-Defatted sunflower kernel meal (DSKM): The
sunflower kernels were crushed in a pestle and mortar
before defatting. Cold extraction method with n hexane for
72 hours was used to extract the oil from the sunflower
samples. The ratio of sample to solvent was 1g: 5 ml. The
extracts were undergone evaporation using a rotary
evaporator at 40°C to obtain the oil and the residue
(Defatted sunflower kernel meal, DSKM) was collected
and dried at room temperature then stored in a freezer
(—20°C) until time for analysis. Ice cold acetone was used
in defatting or extracts the oil from samples (Giza control
and Giza 200ppm) to obtain the DSKM which used in ball
bread supplementation.

Proximate composition

Moisture, crude protein, crude oil, crude fiber and
ash were determined as described in the AOAC methods
(2000). The total carbohydrates content was determined by
difference according to Pellet and Sossy (1970) as follows:
Carbohydrate % = 100 — (protein% + ash% + lipid% + crude

fiber%o).

The energy (caloric value) was calculated using
value of 4 k.cal/g for protein, carbohydrates and 9 k.cal/g
for fat according to Livesy (1995). The contents of Zn, Mg,
Fe, Cu and Mn in the studied samples were determined by
iCAP6200 (ICP-OES) Inductively Coupled Plasma
Emission Spectrometry (Isaac and Johnson, 1985). Total
phosphorus content was determined by spectrophotometer
(Jackson, 1967) after wet ashing following method
described in AOAC (2000). Triplicate determinations were
carried out for each sample and the means were reported.
Fatty acid composition:

The methyl esters of fatty acids were prepared from

oil samples using 5ml 3% H,So4 in absolute methanol and
2ml benzene (Rossel 1983) after that it identified by gas
liquid chromatography.
Calculated oxidizability value (Cox): The oxidative
stability of the extracted oils based on unsaturated fatty
acids (USFAs) content was calculated according to Fatemi
and Hammond (1980) as follows:

Cox =[1(18:1%0) + 10.3(18:2%) + 21.6(18:3%6)]/100.
Preparation, sensory evaluation and physical
characteristics of ball bread

The bread dough ingredients were wheat flour
(refined) (100%), compressed yeast (2%), salt (2%), sugar

(3%), shortening (3%) and defatted sunflower kernel meal
at 5, 10, 15, 20% levels (Table 1). Percentages are based on
flour weight. Giza 200 ppm was selected on the basis of
high protein (52.95) content to making the ball bread and
its control sample (G control). The bread-making
performances of flours (control WF and blends) were
determined using straight dough AACC method (2000).
The subjective evaluation of bread samples was carried out
sensory characteristics that is, color of crust (10), color of
crumb (10), graining of crumb (10), texture (10), taste (10),
odor (10) and total score (60) . The products were scored
by the judges according to the method described by AACC
(2000).

Table 1. Formulation of ball bread containing defatted
sunflower kernel meal.

Ingredients Control 5% 10% 15% 20%
White fine wheat flour (g) 100 95 90 85 80
Defatted sunflower kemel meal ()~ -- 5 10 15 20
Water (ml) 60 60 60 60 60
Salt (g) 200 200 2.00 2.00 200
Sugar (g) 3.00 3.00 3.00 3.00 3.00
Yeast (g) 200 200 2.00 2.00 200
Shortening (g) 3.00 3.00 3.00 3.00 3.00

The weight (g) for bread was determined
individually within two hours after baking the average was
recorded, while the volume (cm3) was determined by
displacement method with clover seeds. Specific volume
(cm¥g) was calculated using the following Equation:
Specific loaf volume (cm®/g) = Volume (cm3)/Weight (g)
(AACC 2000).

Statistical analysis:

All collected data were analyzed with analysis of
variance (ANOVA) Procedures, using the SAS Statistical
Software Package v.9.2, 2008. Differences between means
were compared by revised least significant difference
(RLSD) at 5% level of significant (Gomez and Gomez,
1984).

RESULTS AND DISCUSSION

Agronomical traits
Seed yield (kg/ fed.) and husking percentage (%6).

Seed vyield (kg/fed) trait reacted significantly
(P<0.01) to the tested zinc oxide nanoparticles
concentrations (ZnO NPs) in the two growing seasons
(Table 2). Thus, the highest mean values of seed yield
(1751.99 and 1515.18 kg/fed in the first and second
seasons, respectively) were obtained from 200 ppm of ZnO
NPs concentration. Also, the recorded data in Table 2
denote that the tested sunflower cultivars had a significant
influence on seed yield trait in the second season only
while, sunflower cultivars failed to reach a significant level
at 5% level of probability in the first season. Whatever,
Giza 102 sunflower cultivar superior Sakha 53 one in this
respect and gave the highest mean values of seed yield
(1441.62 and 1483.55 kg/fed in the two respective
seasons). Our results are in accordance with the previous
studies (Abd El-Satar et al., 2017, Nasim et al., 2017).

Concerning the interaction effect on seed yield trait,
the exhibited data in Table 2 reveal that the interaction
between ZnO NPs concentrations and sunflower cultivars
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had a significant effect in this respect in the two successive
seasons. The highest values of seed yield (1767.62 and
1665.04 kg/fed in the first and second seasons,
respectively) were obtained from Giza 102 cultivar which
was sprayed by ZnO NPs at 200 ppm. Similar trend was
observed by Al-Doori (2013). Regarding the tested zinc
oxide nanoparticles (ZnO NPs) concentrations effect on
husking percentage, the illustrated data in Table (2) show
that zinc oxide nanoparticles concentrations had a highly
significant (P<0.01) effect on husking percentage in the
two growing seasons. Thus, the highest mean values of
husking percentage 69.77and 69.71% in the first and
second seasons, respectively, were obtained from 300 ppm
ZnO NPs concentration. This may be due to zinc oxide
nanoparticles enhanced the dry matter partitioning towards

of seed kernel more than towards the seed husk. In
addition, the presented data in Table (2) prove that the
studied sunflower cultivars had a highly significant
influence on husking percentage in the second season only
while, sunflower cultivars failed to reach a significant level
at 5% level of probability in the first season. Giza 102
sunflower cultivar superior Sakha 53 one in this respect
and gave the maximum mean values of husking percentage
(67.12 and 70.22 % in the two respective seasons). These
results may be due to the differences between the two
tested cultivars in growth habit and response of each one to
environmental conditions during the growing seasons,
which was controlled by genetically factors. Our results are
in agreement with data reported by Al-Doori (2013).

Table 2. Effect of zinc oxide nanoparticles concentrations, two sunflower cultivars and their interaction on seed yield
(kg/fed.) and husking percentage % during 2017, 2018 seasons.

Zinc oxide Seed yield Husking percentage %

nanoparticles First season (2017) Second season (2018) First season (2017) Second season (2018)
(ppm) Gizal02 Sakha53 Mean Gizal02 Sakha53 Mean Gizal02 Sakha53 Mean Giza 102 Sakha53 Mean
Control 127428 118277 122853 1380.77 1139.72 1260.25 63.66 6299 63325 6239 6367 63.97
100 134882 124838 1298.60 1407.81 130857 1358.19 67.16 6925 68205 7283 57.67 63.58
200 176762 173635 1751.99 1665.04 136531 151518 62.20 6964 6592 7392 6375 688
300 1379.79 129596 1337.88 147137 1243.76 135757 70.71 68.83 69.77 70.75 68.66 69.71
400 1262.3 128993 127612 1507.68 1194.67 1351.18 68.00 5761 62805 7167 5492 63.29
500 1616.91 1099.98 135845 1468.6 1277.92 1373.26 70.91 64.00 67.455 69.75 5642 63.08
Mean 1441.62 1308.895 148355 125499  --- 67.12 65.39 7022  60.85
FtestR.LSD0.05 Ftest R.LSD0.05 F test R.LSD 0.05 F test R.LSD0.05 F test R.LSD 0.05
ZnO NPs o 126.65 * 126.83 wx 0.65 ox 1.36
Cultivars NS e o e NS il
Interaction * 190.32 * 88.80 el 1.22 o 2.13

Where *and ** mean significant 5 and 1%b at level of probability, respectively. NS mean non-significant.

Also, the exhibited data in Table (2) denote that the
interaction between ZnO NPs concentrations and sunflower
cultivars had a highly significant effect on husking percentage
in both seasons. The highest values of husking percentage in
the first season (70.91%) was obtained from Giza 102
cultivar which was sprayed by ZnO NPs at 500 ppm while,
the highest mean value in the second season (73.92%) was
registered from Giza 102 cultivar which was sprayed by ZnO
NPs at 200 ppm.

Oil percentage (%) of whole seeds and oil yield.

Illustrated data in Table (3) state that the studied zinc

oxide nanoparticles (ZnO NPs) concentrations had a highly

significant (P<0.01) effect on oil percentage in the two
growing seasons. Thus, the highest mean values of oil
percentage: 41.67 and 42.09 % in the first and second
seasons, respectively, were obtained from 300 ppm ZnO NPs
concentration. Also, the recorded data in Table (3) denote that
the tested sunflower cultivars had a highly significant
influence on oil percentage in the both seasons. Whatever,
Giza 102 sunflower cultivar superior Sakha 53 one in this
respect and gave the highest mean values of oil percentage
(4171 and 41.16% in the first and second seasons,
respectively). This is may be ascribed to the superiority of its
capability in transformation of sugar to fat in seed tissue.

Table 3. Effect of zinc oxide nanoparticles concentrations, two sunflower cultivars and their interaction on oil
percentage % and oil yield (kg/fed.) during 2017, 2018 seasons.

Zinc oxide Oil percentage % Oil yield (kg/fed.)

nanoparticles  Firstseason (2017)  Second season (2018) First season (2017) Second season (2018)
(ppm) Gizal0z Sakha53 Mean Giza 102 Sakha53 Mean Giza102 Sakha53 Mean Giza102 Sakha53 Mean
Control 3850 3805 3828 3721 36.88 37.05 489.75 450.02 469.89 513.78 420.22 467.00
100 4540 3481 4011 41.09 3938 4024 61229 43201 52215 57852 51544 546.98
200 4092 3627 3860 4212 36.63 39.38 72361 629.97 676.79 70137 500.25 600.81
300 4188 4146 4167 4251 4166 4209 57726 537.75 55751 62552 51802 571.77
400 42.08 3178 36.93 4249 4095 4172 531.09 407.84 46947 640.37 489.19 564.78
500 4146 3378 37.62 4153 3768 37.05 669.98 373.06 52152 610.18 481.77 54597
Mean 4171 3603 -— 4116 3886 --— 60066 47178 - 61162 48748 -
FtestR.LSD0.05 Ftest R.LSD0.05 Ftest R.LSD0.05 Ftest R. LSD 0.05 F test R.LSD 0.05
ZnO NPs * 2.37 *x 0.49 *x 74.96 *x 52.65
Cultivars * e *x * *x
Interaction ** 2.98 *x 0.85 *x 57.11 *x 33.90

Where *and ** mean significant 5 and 1% at level of probability, respectively.
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The interaction between ZnO NPs concentrations
and sunflower cultivars had a highly significant effect on
oil percentage in both seasons. The highest values of oil
percentage in the first season (45.40%) was obtained from
Giza 102 cultivar which was sprayed by ZnO NPs at 100
ppm, while the highest mean value in the second season
(42.51%) was registered from Giza 102 cultivar which was
sprayed by ZnO NPs at 300 ppm. The previous results are
in accordance with those obtained by Al-Doori (2013).

It is clear from the data in Table (3) that had a
highly significant (P<0.01) effect on oil yield. Where, the
heaviest mean of values of oil yield 676.79 and 600.81
kg/fed in the first and second seasons, respectively, were
obtained from 200 ppm ZnO NPs concentration. Data in
the same table exhibited that the studied sunflower
cultivars had a highly significant influence on oil yield trait.
Giza 102 sunflower cultivar superior Sakha 53 one in this
respect and gave the highest mean values of oil yield
(600.66 and 611.62 kg/fed in the two respective seasons).
This is to be logic since the same trend was observed with
regard to seed yield and oil percentage traits as mentioned
before (Tables 2 and 3). These results are in agreement
with those reported by Al-Doori and Al-Dulaimy (2012).

Also, the obtained data in Table (3) revealed that
the interaction between ZnO NPs concentrations and
sunflower cultivars had a highly significant effect on oil
yield. The highest values of oil yield (723.61 and 701.37
kg/fed in the two respective seasons) were obtained from
Giza 102 cultivar which was sprayed by ZnO NPs at 200

ppm.

The nutritional characteristics
Chemical composition of sunflower seeds kernels

Chemical composition (g/100g D.W.) of sunflower
seeds kernels as affected by foliar spray with zinc oxide
nanoparticles are shown in Table (4). The moisture content
was ranged from 1.05 for G 500ppm to 5.72% for S
100ppm and S 300ppm samples. The S 400ppm, G
400ppm samples was significantly (P<0.05) the highest in
oil content (61.75 and 60.19), respectively, comparing with
the other studied samples. As sunflower oil seed so using
foliar spray caused increasing in oil content until
concentration of 400 ppm for two cultivars, which
encouraged this treatment. The G 200ppm was higher in
protein content with value 23.12% when comparing with
the other samples which ranging from 20.52 to 22.95%.
Analysis of variance showed that the crude fiber content
was increased in treated samples with ZnO concentrations
increment, which reached to 12.19, 9.65 for maximum
concentration G 500ppm, S 500ppm, respectively, when
comparing with its control samples with values 9.09 and
4.78 for G control and S control.

On the other hand the ash content was variable via
increase or decrease significantly (P<0.05) as affected by
foliar spray (Table 4). The ash content was ranged from
3.63 to 4.11 for Giza 102 samples when compared with
Sakha 53 samples which ranging from 3.73 to 4.22%. It is
clear that Sakha 53 cultivar showed a gradually decreasing
in the ash content from S 100ppm (4.22) to S 500ppm
(3.84) sample when compared with S control (3.73%).

Table 4. Chemical composition (g/100g D.W.)* of sunflower seeds kernels as affected by foliar spray with zinc oxide

nanoparticles (season 2018).

Sample Moisture  Ash* Oil*  Protein* Crude fiber* Total carbohydrates* Energy (caloric value) Kcal/100g D.W*
G control 2.32 411 5844 2279 9.09 557 639.40
G100ppm 2.28 391 5861 21.61 9.63 6.24 638.89
G200ppm 1.99 3.63 5890 23.12 10.09 4.26 639.62
G300ppm 258 4.02 60.01 2259 10.84 254 640.61
G400 ppm  1.92 3.59 60.19 2243 11.62 217 640.11
G500ppm 1.05 3.89 5862 21.79 12.19 351 628.78
S control 5.46 3.73 5849 22.95 4.78 10.05 658.41
S100ppm 5.72 422 59.27 21.04 533 10.14 658.15
S200ppm 5.68 4.17 60.40 21.58 6.07 7.78 661.04
S300ppm 5.72 4.14 60.43 20.89 7.15 7.39 656.99
S400ppm 512 4.03 6175 21.17 8.40 4.65 659.03
S500ppm  5.56 384 5889 20.52 9.65 7.10 640.49
LSD0.05 04794 0.0738 0.2745 0.0818 0.0616 0.0336 0.0611
G: Giza 102. S: Sakha 53

There were significant (P<0.05) differences in the
contents of total carbohydrates (g/100g D.W.), energy
(kcal/100g D.W.) with values ranging from 2.17-10.14 and
628.78-661.04, respectively, for the studied cultivars. As a
result of changes in oil, protein and total carbohydrates
contents the caloric value was decreased or increased in
samples under study. The chemical composition results were
in accordance with Nadeem et al., (2010).

Minerals composition of sunflower kernels

Minerals composition (mg/100g D.W.) of
sunflower kernels as affected by foliar spray with zinc
oxide nanoparticles are shown in Table (5). The results
revealed that Zn content was ranging from 56.92 to 65.36

for G 102 treated samples comparing with 70.34 for G
control and the same for Sakha 53 samples. So, Zn content
was decreased significantly (P<0.05) as a result of foliar
spray by ZnO in treated samples when compared with
control one. The Mg content was found in higher values
ranging from 3471.36 to 4020.05 mg/100g D.W. In Giza
102 samples the Mg amount was significantly (P<0.05)
decreased gradually in treated samples with range 3471.36
— 3700.10 when compared with 3870.19 mg/100g DW for
G control. On the other hand, Sakha 53 treated samples did
not follow the same for Mg content which decreased in S
100ppm (3967.20), S 200ppm (3799.54) then increased in
S 300ppm (4020.05) and decreased for S 400ppm
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(3860.21), S 500ppm (3850.22) when compared with S
control (3984.48 mg/100g D.W.).

Table 5. Minerals composition (mg/100g D.W.) of

sunflower kernels as affected by foliar spray

with zinc oxide nanoparticles (season 2018).
Sample  Zn Mg P Fe Cu Mn
Geontrol  70.34 3870.191235.90 187.46 2848 25.90
G100ppm 56.92 3700.101229.47 17420 25.70 24.62
G200ppm 59.37 3691.521230.56 154.24 26.68 24.07
G300ppm 62.82 3544.201246.04 175.77 24.45 2245
G400ppm 64.35 3522.321302.36 190.21 27.12 23.14
G500ppm 65.36 3471.361295.84 201.36 26.34 24.03
Scontrol 7855 3984.481397.52 17591 28.71 24.40
S100ppm 65.46 3967.201258.69 218.38 2645 22.69
S200ppm 65.38 3799.541195.73 233.14 27.81 25.40
S300ppm 63.07 4020.051262.47 181.18 25.01 2297
S400ppm 63.23 3860.211306.98 205.41 24.92 2345
S500ppm 64.41 3850.221284.36 21958 26.31 23.68
LSD0.05 0.133 281.33 0.0897 0.0753 0.0993 0.2527
G: Giza 102. S: Sakha 53

The P content was found to be 1235.90, 1397.52 for
G control and S control, respectively. These values are
decreased or increased significantly (P<0.05) as a result of
treatment with ZnO. The same trend was recorded for Fe
content which found with range from 154.24 to 233.14 in
the studied samples. The Cu content which ranged from
24.45 to 28.71 mg/100g DW was decreased significantly
(P<0.05) in treated samples when compared with control
one for each cultivar. The Mn content was found in range
22.45-25.90 mg/100 g D.W. for the samples under study.

From the above mentioned data we can concluded
that the treated samples by ZnO had a reasonable amounts
of minerals via increased or decreased comparing with
untreated samples and this is good from the nutritional
point of view, where these amounts was increased the
health benefits of sunflower seeds and encouraged using
this treatment. Consequently, the amounts of mineral
contents in sunflower seeds kernel under study providing a

good percent of the Daily Value requirements for each
element. Our results were in agreement with previous
studies (Aishwarya and Anisha 2014).

Fatty acid composition of sunflower kernel meal oil.

Fatty acid composition and calculated oxidizability
of sunflower kernel meal oil (g/100g oil) are illustrated in
Table (6). It could be noticed that the major fatty acids
were oleic and linoleic make up more than 90% of the total
fatty acids in oil samples under study. The oleic acid
content was ranging from 45.34 to 50.16 for G 102 treated
samples comparing with 45.22 for G control and the same
trend for Sakha 53 samples. So, oleic content was increased
as results of foliar spray by ZnO in treated samples when
compared with control one. The linoleic acid content was
found in higher values ranging from 40.05 to 45.29%
mg/100g. Palmitic, stearic as saturated acids were found in
lower contents with range 5.17-5.99 and 2.38-2.76%,
respectively, for the studied oils (Table 6).

The recorded results showed that the saturated
fatty acid content decreased from 9.19% in Giza control
to 8.85, 8.87 and 8.96% in Giza 102 cultivar, which was
sprayed by ZnO NPs at 300, 400 and 500 ppm,
respectively. While the total unsaturated fatty acid content
increased from 90.77% in Giza control to 91.15, 90.06
and 90.99% in Giza 102 cultivar which was sprayed by
ZnO NPs at 300, 400 and 500ppm, respectively. By the
same trend, the saturated fatty acid content decreased
from 9.67% in sakha-53 control to 9.02, 8.79and 8.95%
in sakha-53 cultivar which was sprayed by ZnO NPs at
300, 400and 500ppm, respectively. Main while, the total
unsaturated fatty acid content increased from 90.33% to
90.67, 91.17 and 91.179 and 90.85% in sakha-53 cultivar
which was sprayed by ZnO NPs at 300, 400 and 500ppm,
respectively. From these data, it could be observed that
the rate of decrease in saturated fatty acid content and
corresponding increase in unsaturated fatty acid content
were markedly in sakha-53 cultivar which was sprayed by
ZnO NPs at 300, 400and 500ppm.

Table 6. Fatty acid composition (g fatty acid/100g oil) of sunflower kernel meal (SKM) (season 2018).

Fatty acid Carbon: G G G G G S S S S S S
(FA chain Control 100ppm 200ppm 300ppm 400ppm 500ppm Control 100ppm 200ppm 300ppm 400ppm 500ppm
Palmitic 1660 590 581 581 517 55 519 599 581 58 529 551 526
Heptadecanoic 17:0 004 004 004 004 004 004 004 006 009 008 006 0.06
Stearic 180 253 258 265 256 238 262 276 249 261 260 244 255
Avrachidic 2000 019 019 021 022 019 021 019 020 022 022 020 021
Behenic 220 053 058 052 073 059 063 060 064 053 071 058 0.62
Lignoceric 24:0 ND 008 011 013 011 027 009 011 009 012 ND 0.25
Total saturated 919 928 934 88 887 89% 967 931 934 902 879 895
Plmitoleic 161 016 016 017 017 016 016 015 016 017 019 020 019
Heptadecenoic 1721 005 004 005 004 004 005 005 005 006 005 006 0.06
Oleic 18:1 4522 4846 5014 5016 4534 4952 4489 4821 4969 50.15 4556 50.12
Linoleic 18:2 4514 4179 40.05 4054 4529 4099 4503 4110 40.18 40.05 4512 40.23
Linolenic 183 005 003 004 003 004 007 004 003 004 003 004 0.05
Gadoleic 2012 015 017 016 021 019 020 0217 0217 018 020 019 020
Total uns. 90.77 90.65 90.61 9115 91.06 9099 9033 89.72 90.32 90.67 91.17 90.85
Ts./T.uns 0101 0.102 0.103 0.097 0.097 0.098 0107 0.104 0.103 0.099 0.096 0.099
Cox 511 480 464 468 513 473 510 472 464 463 511 466
G: Giza 102. S: Sakha 53. Cox: Calculated oxidizability value.

The data in the same Table (6) illustrated the
calculated oxidizability of sunflower kernel meal oil owing

to the high proportion of unsaturated fatty acids in
sunflower kernel meal oil, it could be noticed that the
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concentration of 400 ppm had the greatest calculated
oxidizability in Giza and sakha cultivars. The effect of
using ZnO nanoparticles resulted in a little increased or
decreased Cox, which is calculated based on USFAs
percentages, so the sunflower oil samples is almost stable
against rancidity and it could be used for protection of
vegetable oils against oxidative deterioration. The results
are in accordance with previous studies (Canibe et al.,
2007, and Aishwarya and Anisha 2014).

Chemical composition and cake yield of defatted
sunflower kernels (cake) treated by foliar spray with zinc
oxide nanoparticles.

The chemical composition and cake yield of defatted
sunflower seeds are illustrated in Table (7). From these results
it could be noticed that the ash, oil contents were ranging
7.10-859 and 2.68-3.91, respectively, for the studied
samples. The protein, crude fiber content were found in a
higher contents ranging 49.29-52.95, 7.11-15.22,
respectively, for defatted samples.

The G 200ppm recorded the highest value of
protein (52.95%) among the other samples, while the G

500ppm was the highest in crude fiber content (15.22%).
Total carbohydrates and caloric value were found in
reasonable contents with ranging 22.22-29.74 g/100g
D.W. and 329.84-355.34 kcal/100g D.W., respectively,
for studied samples. Defatted sunflower seeds kernel
meal or cake obtained from oil extraction are mainly used
as a feed ingredient for domestic animals or is composted.
The cake yield for the studied samples was found to be
decreased in treated samples comparing with control for
both two cultivars Giza 102 and Sakha 53. It ranged from
38.25 to 41.56 for all the samples. From the above
mentioned data in Table (7), besides comparing it with
data in Table (4) it could be concluded that there was a
highly significant difference (P<0.05) in the crude
protein, crude lipid, caloric value contents of the
undefattted and defatted sample of sunflower seed kernel
via increase or decrease. Also, defatting the sunflower
seed kernel increased the crude fiber, ash, carbohydrates
with reasonable amounts when compared with undefatted
samples.

Table 7. Chemical composition (g/100g D.W.) of defatted sunflower kernels (meal) as affected by foliar spray with zinc

oxide nanoparticles (season 2018).

Sample Ash  Oil  Protein Crudefiber Total carbohydrates Energy (caloric value) Kcal/100g D.W)  Cakeyield
Geceontrol 823 268 51.89 12.75 24.45 329.84 41.56
G100ppm 7.77 297 5041 12.96 25.89 331.93 41.39
G200ppm 7.10 286 5295 13.42 23.67 332.22 41.10
G300ppm 847 3.68 5146 13.59 22.80 330.16 39.99
G400ppm 7.27 391 5192 14.68 2222 331.75 39.81
G500ppm 754 285 50.96 15.22 23.43 323.21 41.38
Scontrol 778 298 5257 711 29.56 355.34 4151
S100ppm 837 312 50.62 8.15 29.74 349.52 40.73
S200ppm 859 336 50.39 8.97 28.69 346.56 39.60
S300ppm 853 356 49.92 9.42 28.57 346.00 39.57
S400ppm 822 375 5096 10.38 26.69 344.35 38.25
S500ppm 7.62 319 4929 12.49 2741 335,51 41.11
LSD0.05 0.07730.2841 0.2736  0.0717 0.1576 0.1038 0.29

G: Giza 102. S: Sakha 53

Minerals composition of defatted sunflower kernels
(cake) treated by foliar spray with zinc oxide
nanoparticles.

The mineral composition of defatted control and
treated samples with ZnO nanoparticles are shown in
Table (8). It is clear that between the treated samples
and control there were significant differences (P<0.05)
in the mineral composition. The magnesium and
phosphorus were the most abundant minerals in defatted
sunflower kernels meal with the highest concentration
comparing with other studied minerals. The defatted
sunflower kernels meal or cake contained significant
amounts of important minerals (Table 8). The
Magnesium concentration (8318.27; 7957.38) was the
highest, followed in descending order by Phosphorus
(5959.00; 6529.88), Iron (295.12; 239.06), Zinc
(145.36; 151.41), Cupper (57.43; 56.16) Manganese
(53.97; 48.65 mg/100g dry weight) for the G control
and S control samples, respectively. Although, there is
almost a decrease in minerals contents in defatted
treated samples comparing with control, it still has a
superior source for these minerals.

Table 8. Minerals composition (mg/100g D.W.) of
defatted sunflower kernels (cake) as affected by
foliar spray with zinc oxide nanoparticles
(season 2018).

Sample Zn Mg P Fe

Geontrol  145.36 8318.27 5959.00 295.12

G100ppm 131.01 8296.35 4930.11 293.31

G200ppm 120.13 8201.54 4884.43 286.94

G 300ppm 104.43 8105.12 5505.60 272.56

G400ppm 112.36 8076.98 5827.34 300.14

G500ppm 120.36 7805.34 5494.69 304.71

Scontrol  151.41 7957.38 6529.88 329.06

S100ppm 14569 7861.14 3601.29 334.24

S200ppm 128.83 7770.14 4471.98 337.56

S 300 ppm 112.25 7882.56 4019.08 326.35

S 400 ppm 120.78 7995.64 4392.28 330.98 52.32 45.12

S 500 ppm 136.42 7870.12 4508.40 336.32 50.85 46.50

LSD0.05 0.0418 0.0288 18.648 0.0728 0.0574 0.5924

G:Gizal02.  S:Sakha53

Sensory attributes and physical evaluation of ball bread

made from wheat flour and its mixtures with defatted

sunflower kernel meal (DSKM)
Table (9) illustrated that ball bread made from
sunflower meal gave good results in terms of color weight

Cu
57.43
51.39
44,75
40.15
43.27
45.96
56.16
53.21
50.84
48.47

Mn
53.97
4954
41.75
35.90
42.79
4468
48.65
47.78
48.96
46.32
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and volume at a replacement ratio of 5% comparing to the
control bread. In 5% bread the volume was increased, after
that it decreased with increment of the substitution ratio
until 20% bread. In supplemented bread the loaf weight
was increased with range 138.46-147.83 g when compared
with control 137.84g. The taste appears clear in 20% bread
but is somewhat acceptable. Loaf volumes of ball breads
fortified with 10 %, 15 and 20 % were significantly
(P<0.05) decreased with range 346.00-398.00 when
comparing to control with value 406.00 ml. consequently
specific volume was increased in 5% DSKM bread then
decreased in other replacement ratio 10, 15and 20%
comparing to control bread. Decreasing of volume because
of gluten network structure was mechanically disrupted by
the DSKM particles or fiber and gluten was diluted
(Petterson and Crosbie 1989). Crust color, crumb color,
taste and texture were found to be appealing by most
people who tried DSKMG-wheat breads. The mean score
for these characteristics show that the protein sources are
favorable supplements especially at 5 percent level. In the
end, there is general acceptance of all samples of the bread
under study.

Chemical composition of ball bread made from wheat
flour and its mixtures with defatted sunflower kernel
meal (DSKM)

The chemical composition of the supplemented ball
bread is presented in Table (10). From these data it is
obviously that the protein, crude fiber and ash contents
increased significantly (P<0.05) in replacement bread when
compared with WF100% bread. In Addition the bread made
from treated sample with ZnO 400ppm showed higher
contents in the above components comparing with
counterparts in bread made with replacement with untreated
sample, which confirm the importance of using ZnO
nanoparticles treatment. The crude protein, crude fiber, ash
contents in replacement breads were ranging 13.92-20.05%,
1.56-3.67%, 1.68-2.71% comparing with 13.13, 0.93 and
1.42%, respectively, for control. Total carbohydrates, energy
contents were decreased significantly (P<0.05) in all
supplemented bread with range 70.03-79.43, 393.30-405.62
when compared to control with values 81.05% and 407.95
kcal/100 g D.W., respectively. So, increasing defatted
sunflower kernel meal ratio can be good for improving the
nutritional quality of ball bread.

Table 9. Sensory properties and physical evaluation of ball bread made from wheat flour and its mixtures with defatted

sunflower kernel meal (DSKM) (season 2018).

Crust Crumb Total Physical

color  Color Graining Texture  Taste  Odor score evaI)l/Jation
Bread sample (10) (10) (10) (10) (10) (10) (60) Volume Weight Specific volume

(ml) @ (ml/g)

WF100% (Control) 9.00 9.00 9.30 920 920 9.00 5470 406.00 137.84 295
WF 95% + 5%DSKMG 9.20 8.90 9.30 920 9.00 880 5440 413.00 138.46 298
WF 90% + 10%DSKMG 9.00 8.70 8.60 900 860 840 5230 390.00 140.01 2.79
WF 85% + 15%DSKMG 8.40 8.20 8.40 840 820 800 49.60 376.00 14581 258
WF 80% + 20%DSKMG 8.00 8.00 8.00 800 750 740 4690 346.00 146.92 2.36
WFF 95% + 5%DSKMG400 9.20 8.80 9.30 910 900 870 5410 41500 139.83 297
WF 90% + 10%DSKMG400  9.00 8.50 8.50 900 850 850 5200 398.00 14150 281
WF 85% + 15%DSKMG400 8.5 8.20 8.20 820 800 800 4910 386.00 143.06 2.70
WF 80% + 20%DSKMG400  8.00 8.00 8.00 800 730 750 46.80 350.00 147.83 2.37
LSD 0.05 0.2369 0.0519 0.0587 0.0547 0.0635 0.0977 0.104 2.9985 0.0666 0.174

WF: Wheat flour.

DSKMG: Defatted sunflower kernel meal Giza 102. DSKMG400: Defatted sunflower kernel meal Giza 400ppm.

Table 10. Chemical composition (g/100g D.W.)* of ball bread made from wheat flour (72%6 extraction) and its mixtures
with defatted sunflower kernel meal (DSKM) (season 2018).

Bread samples Moisture Ash*  Qil* Protein* Crude fiber* Total carbohydrates* Energy* (Kcal/100 g)
WF100% (Control) 33.60 142 347 13.13 0.93 81.05 407.95
WF 95% + 5%DSKMG 33.99 173 336 13.92 1.56 79.43 403.64
WF 90% + 10%DSKMG 3400 208 358 15.07 2.10 71.17 401.18
WF 85% + 15%DSKMG 3304 227 369 17.81 2.86 73.37 397.93
WF 80% + 20%DSKMG 3564 271 350 20.05 3.34 70.40 393.30
WF 95% + 5%DSKMG400 31.95 168 374 13.95 159 79.04 405.62
WF 90% + 10%DSKMG400 33.31 195 372 15.82 2.30 76.21 401.60
WF 85% + 15%DSKMG400 3411 226 4.06 17.92 2.89 72.87 399.70
WF 80% + 20%DSKMG400 35.88 2.46 3.97 19.87 3.67 70.03 395.33
LSD 0.05 0.0813 0.0755 0.0836 0.0586 0.3835 17.644 0.3131

WEF: Wheat flour.

Mineral composition of ball bread made from wheat flour
and its mixtures with defatted sunflower kernel meal
(DSKM)

The mineral composition of studied bread samples
are shown in Table (11). There were significant differences
(P<0.05) in the mineral composition between the
replacement breads and control. The magnesium and
phosphorus concentrations were higher in sunflower breads

DSKMG: Defatted sunflower kernel meal Giza 102. DSKMG400: Defatted sunflower kernel meal Giza 400ppm.

with ranging 466.07-1427.70, 374.01-1073.17 comparing
to 33.58 and 138.66 for control one, respectively. By the
way for other studied minerals (Fe, Zn, Cu, Mn) in Table
(13) the replacement breads contained higher amounts
when compared with WF100% bread. This increase in
minerals content in the replacement bread by DSKM due to
that defatted sunflower kernels meal or cake contained
significant amounts of important minerals as previously
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shown in Table (10). So, defatted meal or cake was found
as a nutritional material, good source of minerals,
convenient for human nutrition which produces high
acceptability bread comparable to control for 5, 10 and

15% replacement ratio. Our results for sensory properties,
chemical and minerals composition of resulted bread are
comparable with some previous studies in this field (Skrbic
and Filipcev 2008, Anjum et al., 2012).

Table 11. Mineral composition (mg/100 D.W.) of ball bread made from wheat flour (72% extraction) and its mixtures
with defatted sunflower kernel meal (DSKM) (season 2018).

Bread samples Zn Mg Fe P Cu Mn
WF100% (Control) 1.32 33.58 2.75 138.66 0.70 0.44
WF 95% + 5%DSKMG 6.96 476.91 13.98 379.94 2.86 2.84
WF 90% + 10%DSKMG 11.98 751.86 23.92 570.85 5.28 5.66
WF 85% + 15%DSKMG 18.87 1179.78 36.97 840.10 7.11 6.81
WF 80% + 20%DSKMG 24.85 1427.70 47.74 1073.17 9.39 9.04
WF 95% + 5%DSKMG400 5.48 466.07 14.20 374.01 2.22 2.30
WF 90% + 10%DSKMG400 9.34 732.56 24.60 560.31 3.97 4.16
WF 85% + 15%DSKMG400 14.28 950.84 38.76 878.82 542 5.46
WF 80% + 20%DSKMG400 18.31 1312.69 48.55 1016.10 7.13 7.15
LSD 0.05 0.0589 0.0675 0.0973 99.933 0.0962 0.3589

DSKMG: Defatted sunflower kernel meal Giza 102. DSKMS: Defatted sunflower kernel meal Giza 400 ppm

CONCLUSION

From the study results it could be noticed that the
zinc oxide nanoparticles (ZnO NPs) concentrations had a
significant and highly significant effect on all mentioned
traits in the two growing seasons. Giza 102 sunflower
cultivar superior Sakha 53 one, this is may be due to the
genetic behavior in combination with the environmental
conditions which was suitable for Giza 102 cultivar than
Sakha 53 one. The concentration of 200 ppm zinc oxide
nanoparticles the highest values of seed yield (1751.99 and
1515.18 kg/fed.) and oil yield (676.79 and 600.81 kg/fed.)
in the two seasons, respectively. On the other hand 300
ppm concentration gave the highest husking percentage
(69.77 and 69.71%), and oil percentage (41.67 and
42.09%) and seed oil/fed. As a sunflower oilseed so using
foliar spray caused increasing in oil content until
concentration 400 ppm for two cultivars. The treated
samples by ZnO had a reasonable amounts of minerals via
increased or decreased comparing with untreated samples
and this is good from the nutritional point of view, where
these amounts was increased the health benefits of
sunflower seeds and encouraged using this treatment. The
defatted sunflower kernels meal or cake contained
significant amounts of important minerals. Consequently,
the amounts of mineral contents in sunflower seeds kernel
or cake under study providing a good percent of the Daily
Value requirements for each element. Defatted sunflower
seeds kernel meal or cake obtained from oil extraction are
mainly used as a feed ingredient for domestic animals or is
composted. The bread made from treated sample with ZnO
400ppm showed higher contents in the nutritional
components comparing with counterparts in bread made
with replacement with untreated sample, which confirm the
importance of using ZnO nanoparticles treatment. Crust
color, crumb color, taste and texture were found to be
appealing by most people who tried supplemented wheat
breads. The mean score for these characteristics show that
the protein sources are favorable supplements especially at
5 percent level. In the end, there is general acceptance of all
samples of the bread under study. In addition, increasing
defatted sunflower kernel meal ratio can be good for
improving the nutritional quality of ball bread.
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