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Abstract

Sunflower seeds hull are by-products of the sunflower industry that has low economic value despite its high
content of antioxidants such as phenolic compounds and recently natural antioxidants have gained increased
interest because natural food ingredients are safer than synthetic ones. Thus, the aim of investigation to evaluate
the antioxidant efficacy of ethanolic extract of irradiated sunflower (Helianthus annuus L.) seeds hull (Sakha-
153 variety) at dose levels of 0, 3, 6 and 9 kGy on total phenolic compounds and total antioxidant activity were
studied, and the composition of phenolic compounds of ethanolic extract of non-irradiated and irradiated samples
was determined by HPLC. The results exhibited that the all extract of samples under investigation possesses high
stronger antioxidant activity, especially samples ethanolic extracts of irradiated at dose level of 6 kGy. For
further confirmation, the ethanolic extract of irradiated samples at dose level of 6 kGy was investigated on beef
minced meat model system. Different concentrations of ethanolic extract of irradiated samples at dose level of 6
kGy and Tert-Butylhydroquinone (TBHQ) were added to beef minced meat and cooked at 100£2°C for 30 min.
after cooling at room temperature, the cooked samples were stored at cold storage 4+1°C for 7 days.
Thiobarbituric acid reactive substances (TBARS) values proved that ethanol extract of Sakha- 153 sunflower
hulls had a power of inhibiting lipid oxidation comparable to TBHQ and exhibit antioxidant activity superior to
TBHQ in the beef minced meat model system. Furthermore, the results showed that the ethanolic extract of
irradiated sunflower seeds hull samples at dose level of 6 kGy were effective in inhibiting lipid oxidation of
sunflower oil. Thus, these results are very beneficial for using the ethanolic extract of irradiated sunflower seeds
hull samples at dose level of 6 kGy as natural stronger antioxidant and cheap price in food industry field.
Keywords: Antioxidant/ Ethanolic extract/ Sunflower seeds hull.

1. INTRODUCTION

Food lipids undergo a wvariety of chemical reactions such as accelerated oxidation, thermolysis, and
polymerisation under heat exposure (Jinyoung et al. 2008). Oxidation of oils modifies their organoleptic
properties and affecting the shelf life of the product. It results in the loss of nutritional value of food as well as
changes in color, texture, sensory and other physiological properties. Due to these changes, consumers do not
accept oxidised products and industries suffer from economic losses. The oil industry has to pay special attention
in this context, as oils, fats and fatty foods suffer stability problems (Igbal and Bhanger, 2007). Several methods
have been reported to measure the oxidative stability of edible oils. The oxidative stability of oils and fats with
added antioxidants can be determined during storage under normal ambient conditions and packing. However, in
general, oxidation can take a long time to occur, e.g. a few days to a few months, which is impractical for routine
analysis. For this reason, accelerated oxidation tests or aging tests are conducted. Tests like Schaal oven test,
Sylvester test and Swift test are used for accelerated oxidation test at elevated temperature. Normally Schaal
oven test is used for determination of oxidation of oils (Mahuya et al., 2008). The extent of oxidation in oils has
been frequently evaluated by measuring the peroxide value (PV). This index is related to the hydroperoxides, the
primary oxidation products, which are unstable and readily decompose to form mainly mixtures of volatile
aldehyde compounds. The oxidative degradation compounds that derived from degradation of hydroperoxides
are generally termed secondary oxidative products which are determined in oils and fats by the p-anisidine (AV)
method (Ramadan and M:rsel, 2004).

In order to overcome the stability problems of oils and fats, synthetic antioxidants, such as butylated
hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-butyl hydroquinone (TBHQ) have widespread
use as food additives in many countries. Recent reports reveal that these compounds may be implicated in many
health risks, including cancer and carcinogenesis (Prior, 2004). Hence, there is a tendency towards the use of
natural antioxidants of plant origin to replace these synthetic antioxidants. Natural antioxidants such as
flavonoids, tannins, coumarins, curcumanoids, xanthons, phenolics, lignans and terpenoids are found in various
plant products (fruits, leaves, seeds and oils) and they are known to protect easily oxidizable constituents of food
from oxidation (Jeong et al., 2004). Shui and Leong (2006) found that antioxidants obtained from star fruit
residues slowed the rancidity process of oil to a greater extent than did BHT. They stressed the high potential of
this residue for preventing oil rancidity. The antioxidant compounds from agri-waste may not only increase the
stability of foods, by preventing lipid peroxidation, but in humans or animals may also protect biomolecules and
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supramolecular structures (e.g. membranes and ribosomes) from oxidative damage.

Sunflower (Helianthus annuus) is an important oil seed crop of the world and it ranks third in production next
to groundnut and soyabean (Byrareddy, 2008). Current usage of sunflower seed or its byproducts as human food
is so low that it might be considered as underutilized. Its use, however as an animal feed is considerable and
growing. For humans, sunflower seeds are used mainly as a snack, the seeds being roasted and eaten as peanuts
and chestnuts. Decorticated sunflower seeds feature much more in vegetarian diets and are sold primarily in
health food stores as an effective alternative protein source (Nwokolo, 1996). To prepare refined protein
products from sunflower such as flour, concentrates, isolates, textured vegetable protein etc., thus sunflower
seeds have to be decorticated. Hence, effective utilization of the hulls seems to be essential. Sunflower seeds are
covered with highly fibrous hulls which comprise about 15-25% of the seed. These hulls are mostly used for
livestock bedding. A small amount of sun- flower hulls can be added to animal feed as a source of fiber because
of its needle like nature which can damage the gastrointestinal tract. It was experimented on the use of sun-
flower hulls as supplementary fuel to coal- fired power plants (Crum et al. 1992). Sunflower hull is a byproduct
of industrial oil extraction of dehulled seed. However, it also has a high insoluble fiber content which reduces
digestible energy (Silva et al., 2002).

Therefore, the objectives of this study were to evaluate the antioxidant effectiveness of ethanolic extract from
irradiated sunflower (Helianthus annuus L.) seeds hull of Sakha- 153 variety at dose levels of 0, 3, 6 and 9 kGy.
The aim of was also to evaluate the antioxidant effectiveness of ethanolic extract from irradiated sunflower seeds
hull during oxidation of sunflower oil under accelerated conditions and to compare its antioxidant activity with
commercially available antioxidants Tert-Butylhydroquinone TBHQ. The study also attempted to identify the
antioxidant compounds present in the extracts using chromatographic and spectroscopic techniques. In addition
to the best ethanolic extract from irradiated and non- irradiated of sunflower seeds hull was selected to test in a
beef minced meat model system.

2. MATERIALS & METHODS
2.1 Sunflower seeds hull samples:

Shelled sunflower seeds of Sakha- 153 variety were purchased from Agriculture Research Center, Giza,
Egypt. They were dried at 45°C for 3days. Then the sunflower seeds hulls were hand-shelled. Sunflower seeds
hull were ground using a blender (Toshiba El Araby MX-5100/5200 Sample Mill, Egypt). The milled sunflower
seeds hull were packed in plastic bags and sealed by heat and stored at 4+1°C until used.

2.2 Irradiation Treatments:

For irradiation treatments, the samples of sunflower seeds hull samples exposed to gamma irradiation at dose
levels of 0, 3, 6 and 9 kGy using an experimental *Co Russian gamma chamber, in Cyclotron Project, Nuclear
Research Center, Atomic Energy Authority, Abou- Zaabal, Egypt.

2.3 Preparation of ethanolic extract from non-irradiated and irradiated sunflower seeds hull:

To obtain the ethanolic extracts, the non-irradiated and irradiated of sunflower seeds hull samples were
defatted by two extractions with n-hexane (50 mL each 10 g sunflower seeds hull) for 12 hours each one at room
temperature. The dry defatted sunflower seeds hull (20g) was extracted with 300mL ethanol for 24 hours by
maceration in darkness at room temperature. The extract was filtered and the residue was extracted again under
the same conditions. The combined filtrate was evaporated to dryness in a rotary evaporator (Buchi R 110,
Frawil, Switzerland) at 40°C to a final volume of 5 ml.

2.4 Proximate composition

Moisture, lipid, protein, ash, caloric carbohydrates contents, vitamin C and total phenol as Gallic acid were
determined according to A.O.A.C. (2000) official method.
2.5 Determination of polyphenlos

The total phenolic compounds present in the ethanolic extract of no-irradiated and irradiated sunflower seeds
hull at dose levels of 3, 6 and 9 kGy samples were determined spectrophotometrically by using the Folin-Denis
reagent described in A.O.A.C (2000). The concentration of total phenolic compounds in the peanut skins and
hulls samples were determined by comparison with the absorbance of the standard, catechin at different
concentrations.

2.6 Antioxidant activity study (DPPH free radical-scavenging assay)

The scavenging effect on 2, 2-diphenyl-1- picrylhydrazyl (DPPH) radical was determined by modifying
methods of Brand-Williams,et al.(1995) and Gamez,et al. (1998). The ethanolic extract of no-irradiated and
irradiated sunflower seeds hull at dose levels of 3, 6 and 9 kGy samples were separately mixed with ethanol to
prepare test solution of 1 mg/ml sample. DPPH was dissolved in ethanol and mixed with the ethanolic extracts of
sunflower seeds hull samples. The solution was adjusted to a final DPPH concentration of 100 uM. The mixture
was shaken vigorously and left to stand for 5 - 60 min in the darkness at room temperature. The amount of
DPPH remaining in each period of stand was determined spectrophotometrically at 540 nm, using a microtiter
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plate reader (Biorad 680, USA). The extracts of RGS test solution was diluted to different concentrations (0.1-
1.0 mg/ml). After vigorous shake, the mixtures were left to stand for 30 min. Tert-Butylhydroquinone (TBHQ)
was used to compare the scavenging activity. The radical scavenging activity was calculated as % inhibition
from the following equation:

% inhibition as OD= {(ODsmple_ ODblank) / ODblank} x 100.

2.7 p-Carotene/linoleic acid bleaching

The ability of extracts and synthetic antioxidants to prevent the bleaching of B-carotene was assessed as
described by Keyvan et al. (2007). In brief, 0.2 mg of B-carotene in 1 mL of chloroform, 20 mg of linoleic acid
and 200 mg of Tween 20 were placed in a round-bottom flask. After removal of the chloroform, 50 mL of
distilled water were added and the resulting mixture was stirred vigorously. Aliquots (3 mL) of the emulsion
were transferred to tubes containing extract or synthetic antioxidant. Immediately after mixing 0.5 mL of extract
solution (10 mg extract /10 mL solvent), an aliquot from each tube was transferred to a cuvette and the
absorbance at 470 nm was recorded (Abs’). The remaining samples were placed in a water bath at 50°C for 2 h,
then the absorbance at 470 nm was recorded (Abs'*’). A control with no added extract was also analysed.
Antioxidant activity was calculated as follows:

Antioxidant activity (%) = [1 — (Abs’ sample — Abs'** sample)/ (Abs” control — Abs'* control)] x 100

Where Abs0O sample is the absorbance of sample at 0-time,

Abs'?’ sample is the absorbance after '*° min, Abs control is the absorbance of control at 0-time and Abs120
control is the absorbance of control after 120 min.

2.8 Preparation of cooked beef minced meat as a model system:

Ethanol extract of irradiated sunflower seeds hull at dose level of 6 kGy was chosen and its antioxidant
activity was examined on a beef minced meat model system according to Shahidi and Pegg (1990). The hull
extract was dissolved in 2 ml of 99% ethanol (absolute) and added to the beef minced meat (20% by weight of
water) at the following concentrations (250, 500 and 1000 ppm). These concentrations were used to test their
antioxidant effectiveness (Onyeneho and Hettiarachehy 1991). A sample with Tert-Butylhydroquinone (TBHQ)
(200 ppm) and a control sample containing only 2 ml of 99% ethanol without antioxidant were also prepared.
Meat systems were thoroughly ho- mogenized and cooked at 100+£2°C (He and Shahidi, 1997) in a
thermostated water bath (Julabo Labortetechnik GMBH Sw 20 seelbach / Ger- many) for 60 min., samples were
cooled to room temperature, transferred into plastic bags and then stored for 7 days at 4+1°C. Samples were
analysed for lipid oxidation (TBARS) on days 0, 1, 3, 5 and 7.
2.9Thiobarbaturic acid value (TBARs)

Lipid oxidation was determined as a 2-thiobarbituric acid reactive substances (TBARs) value by using the
method described by Ahn et al. (1999) with some modifications. Cooked beef minced meat (5 g) and 15ml of
deionized distilled water were homogenized with 50 pl butylated hydroxyanisol (7.2%) for 15 s. One milliliter of
the meat homogenate was transferred to a disposable test tube and then 1ml of thiobarbituric acid/trichloroacetic
acid (20mM TBA in 15% trichloroacetic acid) solution was added. The mixture was vortexed and incubated in a
boiling water bath for 15 min, then cooled in cold water for 10min, and centrifuged for 15min at 2500g at 4°C.
Absorbance was measured at 532nm and lipid oxidation was reported as mg malondialdehyde/kg meat.

2.10 Identification of phenolic compounds of ethanolic extract of non-irradiated and irradiated sunflower
seeds hull using HPLC analysis

HPLC analysis was carried out in a Shimadzu make binary system with LC-10 AD model pump, a 7125
model Rheodyne injector fitted with a 20 ml sample loop, a SPD-10 A UV Visible detector, and with a CR7Ae
plus integrator for data acquisition, analysis and display. The analysis was carried out using a Waters mbondapak
C18 column (4.6 mm ID x 25 cm) in the reversed phase with a guard column of C18 (Supelco). The mobile
phase used was methanol: water (70:30) with a flow rate of 1 ml/min. The UV-Visible detector was set at 290
nm, with a detector sensitivity of 0.005 AUFS (Bailey’s Industrial Oil and fat Products, 1996).

3. RESULTS & DISCUSSIONS
3.1Chemical composition

The chemical composition (protein, fat, ash, crude fiber and total carbohydrates contents) of non-irradiated
and irradiated sunflower seeds hull samples of Sakha-153 variety at dose levels of 3, 6 and 9 kGy on dry weight
basis are presented in Table (1). The results showed no significant differences between non-irradiated and
irradiated sunflower seeds hull samples. Meanwhile, the data revealed that the guava seed samples had high
percentage of crude fiber in all samples under investigation.
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Table (1): chemical composition (on dry weight basis) of non-irradiated and irradiated sunflower
(Helianthus annuus L.) seeds hull.

Treatments Chemical composition (%)
(kGy) Moisture Protein Qil Ash Crude fiber  *carbohydrates
0 7.98%+0.23  7.25%+0.17  1.92*+0.24  1.85°1+0.18  65.33%+0.27 15.67% £0.21
3 7.92440.31  7.22%40.25  1.94*+0.08  1.83°10.24  65.26*+0.16 15.83% +£0.32
3 7.89%40.09  7.21%+0.35  1.93*+0.12  1.86"+0.32  65.44+0.05 15.67* +£0.18
9 7.95+0.16  7.24*+0.17 1.97* 031  1.84*10.15  65.42"+0.09 15.85* +£0.07

Means with the same letters with in the columns are not significantly different (p>0.05).
* By difference
3.2 Total phenolic compounds

Phenolic compounds are widely distributed in the plant kingdom. These compounds serve as important
antioxidants because of their ability to donate a hydrogen atom or an electron in order to form stable radical
intermediates. Hence, they prevent the oxidation of various biological molecules (Cuvelier et al. 1992). Total
phenolic compounds (mg/100g as gallic acid) in non-irradiated and irradiated sunflower seeds hull samples are
tabulated in Table (2). The results showed that the ethanolic extract of non-irradiated and irradiated samples
posses significant total phenolic compounds. In addition to the data revealed that the ethanolic extract of
irradiated samples at dose levels of 3, 6 and 9 kGy induced increase in the total phenolic compounds compared
with the ethanolic extract of non-irradiated samples. Moreover, the results illustrated that the ethanolic extract of
irradiated samples at dose level of 6 kGy posses higher significant values of total phenolic compounds in
comparison with ethanolic extracts from non-irradiated and irradiated samples at doses of 3 and 9 kGy. These
phenomena may be due to that the higher irradiation doses facilitate certain polyphenolic compounds to be more
extractable Gil et al. (2002). Pedrosa et al. (2000) found that the total phenolic compounds (g/kg) of the hull in
different geno-types of sunflower were 0.0780 for Tesoro, 0.376 for Marks, 0.2350 for Clip, 0.732 for Vyp and
0.1810 for Nanta. They added that the total phenolic compounds of kernels of different genotypes ranged
between 1.6867and 1.2867 g/kg kernel. Harrison and Were (2007) observed that increase in phenolic contents
and antioxidant activity was observed in almond skin extract (ethanol extract) irradiated at doses greater than 4
or 12.7 kGy. Similarly Kim et al. (2008) showed that electron-beam irradiation of citrus pomaces could increase
poly- phenolic compounds and scavenging activity of citrus pomaces extracts in methanol, ethanol and water at
the absorbed doses of 3.6-37.9 kGy.

Table (2): Total phenolic compounds (mg/100g as gallic acid) in extract of non-irradiated and irradiated
defatted sunflower (Helianthus annuus 1.) seeds hull.

Gamma irradiation doses (kGy)
3 6 9

35.29%+0.28 38.258+0.16 41.23%+0.25 35.724+0.09

Total phenolic compounds Control

Defatted sunflower seeds
hull.

Capital letters were used for comparing between means in the rows and columns, respectively.
Means with the same letters are not significantly different (p>0.05).
3.3 Radical- scavenging activity

The scavenging activity (%) on DPPH radical of the ethanolic extracts of non-irradiated and irradiated
sunflower seeds hull samples on the DPPH radical are tabulated in Table (3). The results showed that the
ethanolic extract of non-irradiated sunflower seeds hull posses marked scavenging ability from 79.85% to
94.18% with increasing extract concentration from 50 to 200pg/ml on DPPH radical. Meanwhile, the results
indicated that the ethanolic extract of irradiated sunflower seeds hull samples at dose levels of 3, 6 and 9 kGy
had higher marked scavenging activity of DPPH radical compared with non-irradiated samples. In addition to the
data exhibited that the ethanolic extract of irradiated sunflower seeds hull samples at dose level of 6 kGy possess
marked scavenging activity from 86.45 to 99.13% with increasing extract concentration from 50 to 200ug/ml on
DPPH radical in comparison with non-irradiated and irradiated samples at dose levels of 3 and 9 kGy. Thus, the
higher scavenging effect on DPPH radical of the ethanolic extract of irradiated samples, especially irradiated
samples at dose level of 6 kGy could be attributed either to the higher phenolic content or to the change in
percentage or configuration of some components of the irradiated sunflower hull samples. Yen and Duh (1995)
found radical-scavenging activity of 89.3% inhibition in 1500 mg/ml methanolic extract from peanut hulls on the
DPPH radical. Yen and Duh (1995) found radical-scavenging activity of 89.3% inhibition in 1500 mg/ml
methanolic extract from peanut hulls on the DPPH radical.
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Table (3): Scavenging activity (%) on DPPH radical of the ethanolic extracts of non-irradiated and
irradiated sunflower (Helianthus annuus 1.) seeds hull.

Concentration of TBHQ Gamma irradiation doses (kGy)

samples (ug/ml) 0 3 6 9
50 88.36*+0.76 79.85%+0.41 83.59€+0.63 86.457+0.27 79.68%+0.87
100 96.034+0.34 89.54%+0.16 93.77%+0.95 95.674+0.19 90.73°%+0.38
150 99.15%+0.26 91.61%+0.57 95.825+0.81 98.524+0.68 93.48%+0.45
200 99.44*+0.65 94.185+0.37 96.67°+0.46 99,63*+0.29 95.69%+0.94

Capital letters were used for comparison between means in the rows.
Means with the same letters are not significantly different (p>0.05).
TBHQ= Tetr-Butylhydroquinone
3.4 p-Carotene/linoleic acid bleaching assay

In this assay, oxidation of linoleic acid produces hydroperoxidederived free radicals that attack the
chromophore of B-carotene, resulting in bleaching of the reaction emulsion. An extract capable of
retarding/inhibiting the oxidation of B-carotene may be described as a free radical scavenger and primary
antioxidant (Liyana- Pathirana and Shahidi, 2006).  As can be seen in Table (4) all extracts were capable of
inhibiting the bleaching of B-carotene by scavenging linoleate derived free radicals. Moreover, the results
revealed that, ethanol extracts had comparable scavenging ability to the synthetic antioxidants TBHQ.
Furthermore, the results exhibited that the ethanolic extract samples of irradiated sunflower seeds hull at dose of
level of 6 kGy had the highest antioxidant activity was observed with respective value 99.21% at concentration
200 pg/ml. thus, the ethanolic extracts of irradiated samples especially, the ethanolic extract of irradiated
samples at dose level of 6 kGy had stronger antioxidant activity than no-irradiated samples under investigating.
Table (4): Antioxidant activity of the ethanolic extracts of non-irradiated and irradiated sunflower seeds

hull samples by B-Carotene/linoleic acid bleaching assay.

Concentration of Gamma irradiation doses (kGy)

samples (ug/ml) TBHQ 0 2 4 6
50 88.36"+0.76 80.135+0.41 84.22¢40.63 87.56"+0.27 79.775+0.87
100 96.03*+0.34 88.765+0.16 92.62+0.95 96.25%+0.19 92.455+0.38
150 99.15%+0.26 92.528+0.57 94.41+0.81 98.36"+0.68 94.63%+0.45
200 99.44"+0.65 93.34%+0.37 96.795+0.46 99.21%+0.29 96.57%+0.94

Capital letters were used for comparison between means in the rows.
Means with the same letters are not significantly different (p>0.05).
TBHQ= Tetr-Butylhydroquinone.
3.5 Antioxidant activity of sunflower hull in cooked beef minced meat as a model system

The previous results showed that the ethanolic extract of irradiated sunflower seeds hull samples at dose level
of 6 kGy possess higher antioxidant activity than the other treatments under investigation. So, the samples of the
ethanolic extract of irradiated sunflower seeds hull were selected to carry out to evaluate its antioxidant activity
in cooked beef minced meat as a model system. Thus, Table (5) shows the effect of ethanol extract of irradiated
sunflower seeds hull at dose level of 6 kGy on the thiobarbituric acid-reactive substances (TBARs mg
malonaldehyde / kg sample) values of cooked beef minced meat stored at 4°+1C in model system at three levels
(250, 500 and 1000 ppm) along with TBHQ (200 ppm) and control (with no addition) for comparison. The
results obvious that the addition of ethanolic extract of sunflower seeds hull at levels of 250, 500 and 1000 ppm
delayed the lipid oxidation of cooked beef minced meat in comparison of control samples at zero time and till
end cold storage at (4+£1°C). Meanwhile, the data illustrated that the level of 250 ppm of ethanolic extract of
sunflower seeds hull less effective than TBHQ (200 ppm) in cooked beef minced meat model system. On the
other hand, the results illustrated that the level of 500 ppm of ethanolic extract of sunflower seeds hull had the
same effective of TBHQ (200 ppm), but the level of 1000 ppm of ethanolic extract of sunflower seeds hull
exhibit more effective than TBHQ (200 ppm) to delay lipid oxidation in cooked beef minced meat model system.
Jayasingh et al. (2002) mentioned that for secondary oxidation products, such as, TBA, no legal threshold exists,
but a limit of 1 mg malonaldehyde/kg meat has been suggested for sensory perceived rancidity. Ferial et al.
(2011) reported that green tea and thyme leaves extracts contained high level of total phenolic compounds
content. The addition of green tea extract, thyme oil extracts either individually or combination (as natural
antioxidant extracts) to luncheon roll meat was found to be effective towards reducing biogenic amines (Bas)
formation, thiobarbituric acid reactive substances (TBARS) levels, volatile basic nitrogen % (VBN) and
acidity %; hence improvement of the stored and refrigerated luncheon meat samples characters can occur. The
best anti-oxidative effect was obtained by the combination of green tea and thyme oil extracts. DeJong and
Lanari (2009) found that crude polyphenol extracts (50 or 100 mg gallic acid equivalents (GAE)/kg meat) from
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the waste waters of olive oil pomace reduced the formation of 2-thiobarbituric reactive substances (TBARSs) in

pre-cooked beef (63—-83%) and pork (47-66%). Yu et al. (2002) reported that from lipid oxidation. Sanchez-

Escalente et al. (2003) found that lipid oxidation was found to be dramatically reduced (P<0.05) in beef patties

containing the peppers, either hot or sweet. The TBA values were below 1 in both types of patties. Inhibition was

even greater by the effect of cayenne hot peppers, which did not result in TBA elevation.

Table (5): Effect of ethanol extract of irradiated sunflower seeds hull at dose level of 6 kGy on the
thiobarbituric acid-reactive substances (TBARs mg malonaldehyde / kg sample) values of
cooked beef minced meat stored at 4°+1C in model system.

Cooked beef minced meat ppm Storage period (days)
0 1 3 5 7
Control 0 0.53*:0.07 0.59%+0.12 0.75°+£0.34 0.92*+0.31 1.72°+0.16
TBHQ 200  0.39%+0.21 0.44°£0.09 0.53°+0.25 0.73%£0.15 0.92°+0.27

250  0.42°:0.13  0.49°£0.24 0.65°£0.19 0.76°+0.27 0.87°+0.19
500 0.38°+0.18 0.42°+£0.32  0.54%+0.08 0.68°+0.36 0.82°+0.08
1000 0.26°+0.25 0.35°+0.16 0.42°+0.15 0.59°+0.23 0.71°+0.35

Ethanolic extract of sunflower
seeds hull

TBHQ= Tert-Butylhydroquinone
Capital letters were used for comparing between means in the columns.
Means with the same letters are not significantly different (p>0.05).
3.6 Identification of phenolic compounds using HPLC

Some authors have reported that the total phenolic content did not correspond well with the antioxidant
activity of the extracts. Thus, individual phenolic compounds may provide a better indication of the antioxidant
activity of the extracts in vegetable oils (Bin et al. 2008). Thus, Table (6) obvious that the phenolic compounds
of ethanol extract samples of non-irradiated and irradiated sunflower seeds hull at dose levels of 3, 6 and 9 kGy.
From these results, it exhibited that the ethanolic extract of non-irradiated and irradiated sunflower seeds hull
samples at dose levels of 3, 6 and 9 kGy contains 10, 10, 11 and 13 components of phenolic compounds,
respectively. Meanwhile, the main component were chlorogenic acid, benzoic acid, chlorogenic acid and
catechol of non-irradiated and irradiated sunflower seeds hull samples at dose levels of 3, 6 and 9 kGy,
respectively. On the other hand, subjecting samples of sunflower seeds hull at dose levels of 3, 6 and 9 kGy
induced many changes in the constituents (ppm) of these samples under investigation. It is observed that some
components were disappeared as catechol of the ethanolic extract of irradiated samples at dose level of 6 kGy &
salicylic acid and cinnamic acid of the ethanolic extract of irradiated samples at dose levels of 3 kGy. While,
some new components were appeared as caffeic acid and salicylic acid of the ethanolic extract of irradiated
samples at dose levels of 6 and 9 kGy; caffien acid of the ethanolic extract of irradiated samples at dose levels of
3 and 9 kGy & ferulic acid of the ethanolic extract of irradiated samples at dose levels of 3, 6 and 9 kGy.

Generally, the results showed that the ethanolic extract of samples under investigation contains gallic acid,
protocatechuic, catechol, chlorogenic acid, caffeic acid, ferulic acid, ellagic acid, coumarin and cinnamic acid
may play an important role in the antioxidant activity of the ethanolic extract samples sunflower seeds hull
samples. These compounds is mainly due to their redox properties, which can play an important role in
adsorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides (Osawa,
1994).

Table (6): Phenolic compounds of the ethanolic extracts of non-irradiated and irradiated
sunflower (Helianthus annuus L.) seeds hull.

Phenolic compounds (ppm)

Items 0 3 6 9

Gallic acid 13.18 3.47 15.90 9.81
Protocatechuic 20.78 4.83 86.05 30.14
Catechol 209.35 35.62 - 528.35
Chlorogenic acid 494.14 116.41 641.70 388.13
Caffeic acid - - 81.82 80.49
Vanillic acid 21.56 18.92 22.45 23.61
Caffien acid - 32.35 - 41.53
Ferulic acid - 45.82 9.49 11.34
Benzoic acid 317.01 805.43 339.39 408.98
Salicylic acid 267.23 - 88.39 31.72
Ellagic acid 49.69 159.72 38.89 42.37

Coumarin 16.94 14.24 17.50 5.29

Cinnamic acid 0.75 - 2.07 1.86
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4. CONCLUSION

From the present study, it can be concluded that the ethanolic extract of sunflower seeds hull of Sakha- 153
variety samples under investigation rich in phenolic antioxidants of high polarities and a potential cheap natural
source of antioxidant. Meanwhile, the ethanolic extract of irradiated samples at dose level of 6 kGy possess
marked antioxidant and antiradical capacities in comparison other samples under investigation. Therefore, the
ethanolic extract of sunflower seeds hull at dose level of 6 kGy may be suggested as natural antioxidant for food.

REFERECENCES

Ahn, D. U., Olson, D. G., Jo, C., Love, J., & Jin, S. K. (1999). Volatiles production and lipid oxidation on
irradiated cooked sausage as related to packaging and storage. Journal of Food Science, 64, 226-229.

AOAC (2000). Association of Official Analytical Chemists, Official Method of Analysis, 17 th ed. A.O.A.C,
International, Maryland, USA.

Baileys Industrial Oil&Fat Products, (1996). Vol. 2. Hui, Y. H. (Ed.), (5th ed.) pp. 470, John Wiley & Sons, Inc.
Bin, Z., and Clifford, A. H. (2008). Composition and antioxidant activity of raisin extracts obtained from various
solvents. Food Chemistry, 108, 511-518.

Brand-Williams, W., Cuvelier, M.E. and Berset, C. (1995). Use of a free radical method to evaluate antioxidant
activity. Food Science and Technology 28(1): 25-30.

Byrareddy K., D.S. Uppar, B.S. Vyakaranahal, S.M. Hiremath, Ravi Hunje and H.L. Nadaf., (2008). Effect of
integrated nutrient management on sunflower hybrid (KBSH-1) seed production. Karnataka J. Agri. Sci., 21(2),
171-175.

Crum, C.W., Prescott, J.M. & Christensen, P.J. 1992. Genetic Approaches to Increased Nutritional Value in
Oilseed Meal. Proceedings of the World Conference on Oil Seed Technology and Utilization. Ed. Apple White
T.H. pp. 334-398, AOCS Press, Champaign, IL.

Cuvelier, M.E., Richard, H., Berst, C. (1992). Comparison of the antioxidative activity of some acid-phenols:
structure—activity relationship. Biosci. Biotechnol. Biochem. 56, 324-325.

DelJong, S. and Lanari, M.C. (2009). Extracts of olive polyphenols improve lipid stability in cooked beef and
pork: Contribution of individual phenolics to the antioxidant activity of the extract. Food Chemistry 116, 892—
897.

Ferial M. Abu-Salem; Esmat A. Abou-Arab; Hayam M. Ibrahim and Azza A. Abou-Arab. (2011). Effect of
adding green tea extract, thyme oil and/or their combination to luncheon roll meat during refrigerate storage.
Journal of American Science, 7(7).

Gamez, E. J.C.; Luyengi, L.; Lee, S.K.; Zhu, L.F.; Zhou, B.N.; Fong, H.H.S.; Pezzuto, J. M. and Kinghorn, A.D.
(1998). Antioxidant flavonoid glycosides from Daphniphyllum calycinum. Journal of Natural Products 61(5):
706-708.

Gil, M.I.; Tomas-Barberan, F.A.; Hess-Pierce, B. and Kader, A.A. (2002). Antioxidant capacities, phenolic
compounds, carotenoids, and vitamin C contents of nectarine, peach, and plum cultivars from California. Journal
of Agricultural and Food Chemistry 50, 4976-4982.

Harrison, K., Were., L.M. (2007). Effect of gamma irradiation on total phenolic content yield and antioxidant
capacity of almond skin extracts. Food Chem. 102, 932-937.

Igbal, S., & Bhanger, M. L. (2007). Stabilization of sunflower oil by garlic extract during accelerated storage.
Food Chemistry, 100, 246-254.

Jayasingh, P.; Cornforth, D. P.; Brennand, C. P.; Carpenter, C. E. and Whittier, D. R. (2002). Sensory evaluation
of ground beef stored in high-oxygen modified atmosphere packaging. Journal of Food Science, 67(9), 3493—
3496.

Jeong, S.M., Kim, S.Y., Kim, D.R., Nam, K.C., Ahn, D.U., Lee, S.C., 2004. Effect of seed roasting conditions
on the antioxidant activity of defatted sesame meal extracts. Food Chem. Toxicol. 69, 377-381.

Jinyoung, L., Yoosung, L., & Eunok, C. (2008). Effects of sesamol, sesamin, and sesamolin extracted from
roasted sesame oil on the thermal oxidation of methyl linoleate. LWT — Food Science and Technology, 41,
1871-1875.

Keyvan, D.H.J., Damien, D., Into, L. and Raimo, H. (2007). Chemicalcomposition and antioxidative activity of
Moldavian balm (Dracocephalum moldavica L.) extracts. LWT — Food Sci. Technol., 40:1655-1663.

Kim, J.,Lee,B.C.,Lee,J.,Nam,K.,Lee,S. (2008).Effectofelectron-beamirradiationon the
antioxidantactivityofextractsfrom Citrus unshiu pomaces. Radiat.Phys. Chem. 77,87-91.

Liyana-Pathirana, C. M. and Shahidi, F. (2006). Antioxidant properties of commercial soft and hard winter
wheats (Triticum aestivum L.) and their milling fractions. J. Sci. Food Agric., 86:477—485.

Mahuya, B., Runu, C., Utpal, R., 2008. Antioxidant activity of natural plant sources in dairy dessert (Sandesh)
under thermal treatment. LWT Food Sci. Technol. 41, 816-825.

Nwokolo, E. 1996: Sunflower (Heliauthus annus L.) In "Food and Feed from Legumes and Oil Seed" Editors, E.

36



Journal of Natural Sciences Research Www.iiste.org
ISSN 2224-3186 (Paper) ISSN 2225-0921 (Online) JLEN
Vol.4, No.1, 2014 "s E

Nwokolo and Smartt, J.,Chapter 28, Chapman & Hall, NY.

Onyenecho, S.N. and Hettiarachchy, N.S. (1991). Effect of navy bean hall extract on the oxidative stability of
soy and sunflower oils. J. Agric.Food Chem. 39: 1701-1704.

Osawa, T. (1994). Novel natural antioxidants for utilization in food and biological systems. In I. Uritani, V. V.
Garcia, & E. M. Mendoza (Eds.), Postharvest biochemistry of plant food materials in the tropics (pp. 241-251).
Tokyo, Japan: Japan Scientific Societies Press.

Pedrosa, M.M., Muzquiz, M.G., Vallejo C., Burbano, C., Cuadrado, C., Ayet, G. and Robredo, L.M. (2000).
Determination of caffeic and chlorogenic acids and their derivations in different sun flower seeds. J. Sci. Food
Agric. 80: 459-464.

Prior, R.L., 2004. Absorption and metabolism of anthocyanins: potential health effects. In: Meskin, M., Bidlack,
W.R., Davies, A.J., Lewis, D.S., Randolph, R.K. (Eds.), Phytochemicals: Mechanisms of Action. CRC Press,
Boca Raton, FL, p. 1.

Ramadan, M.F., Mgrsel, J.-T., 2004. Oxidative stability of black cumin (Nigella sativa L.), coriander
(Coriandrum sativum L.) and niger (Guizotia abyssinica Cass.) crude seed oils upon stripping. Eur. J. Lipid Sci.
Technol. 106, 35-43.

Sanchez-Escalante, A.; Torrescano, G.; Djenane, D.; Beltran, J.A. and Roncales, P. (2003). Stabilisation of
colour and odour of beef patties by using lycopene-rich tomato and peppers as asource of antioxidants. J. Sci.
Food Agric. 83:187-194.

Shahidi, F. & Pegg, R.B. 1990. Colour characteristics of cooked cured meat pigments and its application in meat.
Food Chem. 38: 61-68.

Shui, G., Leong, L.P., 2006. Residue from star fruit as valuable source for functional food ingredients and
antioxidant nutraceuticals. Food Chem. 97, 277-284.

Silva, C.A.; Pinheiro, J.W.; Fonseca, N.A.N.; Cabrera, L.; Novo, V.C.C.; Silva, M.A.A.; Canteri, R.C. and Hoshi,
E.H. (2002). Sunflower meal to swine on growing and finishing phase: digestibility, performance and carcass
quality. Revista Bras. Zootec. 31(2): 982-990.

Yen, G.C. and Duh, P.D. (1995). Antioxidant activity of methanolic extracts of peanut hulls from various
cultivars. JAOCS, Vol. 72, (9).

Yu, L.; Scanlim, L.; Wilson, J. and Scllmid, T.G. (2002). Rosemary extract as inhibitors of lipids oxidation and
color change in cooked Turkeyproducts during refrigerated storage. J. Food. Sci. 67 (2) 582-585.

dasidiall (uadd) ) g3 )93 B pualdl I giliY) (aliiocall BacsSU sliaal) JaLiil) ands
e 2aa Jlaa g 9 aldlae Gua daaa
ran — 13759 @ pa -die 5 sl — Al G gaall and - A5 il gaall S e - A3l A8l A
daal) adle
A sall (ga ol sine gl ) (s o2 ) (o AalaBY) Aeill 3 (mities deliall 3 Cilie gl (5530 ite Guadl) )l 53 )5h g yiiad
Ulal 31 5 Apmpdall 400330 il Sl (o LaY Apnall 520SY) Cilaliaay 5 a1 43531 8 alaia ) ol 3 85 Y sidll Jie 300850 5alial)
) Guadl) i e el I Galiiul 30uSY) alias Bl and ) Casdl 13 Caa GlAl Do lial) 3auSY) Clabias (e
Sl e datiaa) dueladY) o alaall il Al 0 &5 LS sl ga SIS 9 5 6 3 ha Aelad] ey Al (153 — i
Cpeal By (1Y) Mo Jiladl e sile s 5SI) Slea alasiuly Al all caad Geadll g 58 il oY) aliiuall 4 il
Laliny g 3auS alianS 5 S Alled Led G 5 Tl ya Gy Ad 5 350 o (g sind el Hlsn sl 3 Y claliiua) o gl
Oe Adliie < 3 5 aladiu) 3 il sda aSlily )i SIS 6 daelad) cile o Alladll Gualll )0 il I EEY) Galiiu)
o= lia 500l aliae ) A8Leadl () ya oIS 6 daelad) Cile jay Alelaal) Guadll ) g sl 1Y) (alsiudI TBHQ &laall elli
ol L] iy pal s g oLl 7 80al 20124 o 0 53l 5 25l 5 438 30 82e) 2224100 e eedaall sl palll o5 s 4 jlaall
el Guadll g0 sl JgliY) Galiiall 0l 5 06l bl ool 8y el g sl Gaea Qi i @llg sauSY)
=luall 528y slaey 45 jlae cpal) sausl hayiin e ) a SIS 6 dpelad) Gle m TBHQ alaaiuly daull i) e el
a5 658 ornb 3l dlad ol a IS 6 Lelad) cle g Aldbad) (153 -l Ciiia) (ualil) )50 5l gl Galiivl
eV Bada Jlae b ol

37



