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Biochemical Evaluation Of Sunflower Seeds
And Its By-Products
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The chemical composition. removal of phenolic compounds, factors
affecting the extraction of sunflower sceds and kemels were studied. Also,
the hicavailability of sunflower protein concentrate, isolate and by-products
were cvaluated, The results indicated that total protein was higher in by-
products (52.8%) than in sunflower seeds and kernels, 22.55 and 26.68%,
respectively. However, fat content in sunflower seeds, kernels and by-
products were 41.85, 55.40 and 5.45%, respectively.

The optimum pH for the removal of polyphenolic compounds was pll 5.0
and the optimum numbers of extraction was 6 times.

Free and bound of polyphenols were 2.29, 1.58% and 2.99, 1.51% in kernel
meals and hy-products. While, the chlorogenic acid contents for the
abovementioned materials were 2.72 and 3.39. Phytic acid and trypsin
inhibitor contents were 432, 3.45% and 1.5, 1.1 mg/g for kernel meals and
by-products, respectively.

Treatment with methanol at acidic pll (5.0) gave the highest removal of
polyphenols, 92.14 and 95.4%, while using ascorbate as a reducing salt,
remove Uhe polyphenols by 68,21 and 67.77% from kemel and by-products
meals. Also, protein content increased after acidic treatments to 67.90 and
61.10 for sunflower kernels and by-products. On the other hand, the results
indicated that treatment with sodium hydroxide solution (pll 10.0) the
percentage of reduced polyphenols was 91.20 and 93.1% for kernel and by-
products, but the color of isolated protein was green and dark green.
However, treatment with reducing salis (pH 10.0) reduced polyphenols, 90.7
and 92.4% with a good white prolein isolate.

The SDS-PAGE protein patterns of the overall polypeptides in sunflower
kernel and by-products protein dissociate in 11 subunits with molecular
weights ranging from 25.49 to 14,12 K.ID.

In-vitro protein digestibility indexX of untreated sunflower samples was
80,47 and 78.46% in kemel and by-products, but the treatment with acidie
solution increases the digestibility to 87.84 and 85.21%. However, Lreating
with alkaline solution gave the highest digestibility index 93.65 and 93.70%
from kernel and by-products meals, respectively,

Treating the kernel and by-products with diflerent alkaline solution were
more effective in removing phylic acid and trypsin inhibitor (antinutsitional
factors) than in different acidic medium.

Alse amino acids of sunflower kernel, by-products meals, protein
concentrate and isolates of sunflower were studied. The results indicate that
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cunflower protein has a higher essential/total (E/T) ratio than the proposed
16% for an ideal proiein, however, dehulled kemel and protein isolate
increased this ratio slightly.

he Second Confrence On The Role Of Bioche

INTRODUCTION

anflower is an important source of edible oil, also the meal after extraction of oll
. a valuable source of protein. The major difficulty in the utilization of sunflower
scal in human diets is the presence of hulls and polyphenols in the seed.
unflower seeds contain 2 significant quantities of phenolic compounds which
emain in the flour afler oil extraction. The phenolic compounds in sunflowers
saried between 3.0 and 3.5% of flowr. Chlorogenic acid and caffeic acid
.onstituted about 70% of the total phenolic compounds in the defatted flour
Sripad and Rao (1987), Trevino ef al. (1998) and Carmen ef al. (1999).
Shamanthaka and Narasinga (1990) found that chlorogenic, calfeic and quinic
acids are the phenolic acids present in sunflower <eeds, the major acids being
chlorogenic acid and caffeic acid (70%). They observed that the presence of
polyphcnois can affect the quality of sunflower protein in several ways such as
reducing the digestibility and adversely altering the functional properties and
behavior of sunflower protein in {ood systems.
Abu-Shama (1998) reported that the polyphenols contents of sunflower kernel
meal of Giza (1) and hybrid varietics were 1.46 and 1.88% respectively. However,
phytic acid content of sunflower seeds and meal were 138 and 1.90%,
respectively. Also, she reported that chlorogenic acid and other phenolic compounds
were oxidized 00 -quinones and formed covalent linkages with the extracted
protein in alkaline medium to yield protein isolate with grey white color. On the
other hand, exlraction by ethanol (70%) gave the highest removal of polyphenols
(84.74%). Treatment with methano'lf?(}”f’uhcmnvcd 89 20% and 98.4% from total
polyphenols of sunflower seeds and kernels meal.
Phytic acid chelate several mineral clements, especially the divalent metals such
as Ca, Zn, Fe, Mn, Cu, Mg and Mo and reduce their availability in the intestinal
tract by forming insoluble complexes with cations (Beleia ef al., 1993 and Ann-
Sulie ef al., 1999)-
Saeed and Cheryan (1958) found that protein concentrates and isolates from
sunflower essentially free of polyphenols and low in phytate were prepared from
dehulled seeds by a sequential extraction procedure using organic solvents, such
as hexane for defatting and acidic butanol for removing polyphenols. Phytate was
removed by agqueous extraction and separation at acidic or alkaline conditions.
Reduced phytate in protein concentrates and isolate developed off-colors unless
the pnlyphenul concentralion was less than 0.05%. Also, they found that
chlorogenic acid in sunflower seeds ranged from 1.49 to 1.55%, in the kernels
1.62 to 1.66% and the defatted meal 3.06 10 3. 18%.

Attia er al.

T2



The Second Conference On The Role OF Biochemistry [n Envitonment Ang ARNEHIUIE LIRS
e ———— g ikl Ao e e

turia et al. (1999) reported that the digestibility of protein isolate from sunflower
vas 81.6% and biological value ranged between 63.8 and 73.2%.

ien and Bhattacharyya (2001) noticed that the nulritional etfect of sunflower seed
solein fraction (SSPF) extracted with isopropanol on rats did not show much
ariation in growth, plasma and tissue lipid profile, protein content and
svthrocyte membrane lipid profile compared with casem ted rats.

Mhe purpose of the present investigation s to study the removal ol polyphenolic
wubstances from sunflower (kernels and by-products) by using organic solvents
sither in the presence or absence of reducing agents in acidic and alkaline
nedium. Alse, the cvaluation of its protein concentrate and isolate, molecular
weights, amino acids, phytic acid, teypsin inhibitor and in-vitro protein
Jigestibility index were investigated

MATERIALS AND METHODS

Sampling

Sunflower sceds (Helianthus @ms 1)) variety  previdwic obtained from
Agricultural Research Center. Giza, Egypl.

By-products: sunflower seed meal were abtained from Misr Edible Qil and Soap
Company, El-Baderashine Branch, Giza, Lgypl.

The sceds were dehulled by blending the seeds for 2 see, followed by separation
the seeds and hulls. The dehulled kernels were cleaned and finally grounded using
an clectrical cvelon mill provided with 80u screans. Hexane (B.P. 40-607C) was
used for the extraction of oil from the ground seeds and by-products.
Experimental designs

- pH of the extraction

The pH of the extracting solution was adjusted by HCI (to give an acidic solution)
or NaOH (to assure an alkaline solution), The pH values for the extraction
solutions were adjusted to cover the range from pH 3 t0 9.

- Number of extraction

Variable numbers of extraction required lor extraction polyphenolic compounds
were studied. Eight numbers were used for different extraction process, The other
parameters were constant as noticed before.

Removal of phenolic compounds in acidic media at pH 5.0

- By using organic solvents

The defatted kernels and the delatied by-product were suspended in acidified
organic solvents in a ratio of 1. 20 (w/v). Acidified organic solvent such as
{methanol, ¢thanol, butanol and acetone) was prepared by mixing one of the
organic solvent with 0.005 N HCI, and the pH was adjusted to 5.0 with 0.5 N HCI,
according to Rahma and Rao (1981). The final residue (protein concerltrate) was
dried under nitrogen al room lemperature.
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- By using reducing salts
Ihe defatied Kernels and by-products were suspended in 0.25% aqueous of
sodium sulfite, ascorbate and dithionate in 4 ratio of 1: 20 (w/v). aceording to
Demeczky ef al. {1983). The other (reatments was adjusted as previously
mentioned hefore,

Removal of phenolic compounds in alkaline media

Defatied sunflower samples were extracted by using 0.02 N of sodium hydroxide
according 1o the method described by Melnychyn and Wolcott (1971).

The meal was extracted with (L25% aqueous sodium sulfite, ascorbate and
dithionate at pH 10.5 (aceording 10 Gheyosuddin er al., 1970). The extract was
filtered by squeezing through cheese cloth and the filtrate was centrifuged for 20
min. at 2000 r.p.m. The clear supernatant was adjusted to pll 5 with 0.02 N HCL
The precipitate way washed with distilled water and freeze dried (protein isolate),
Chemical analysis

Moisture, crude fat, total protein. crude fiber and ash content were determined in
sunflower seeds, kernels, and by products according to the methods described in
A.O.AC. (1995). Total soluble sugars were detenmined as glucose by the phenol-
sulfurie acid method (Dubois ef al., 1956).

Determination of polyphenolic compounds

- Total polyphenolic compounds

The free, bound (or comjugated) and tolal phepols were calorimetrically
determined in the cthanolic extracts by using the Folin Denis reagent as described
by Guifinger (1981).

- Determination of chlorogenic acid

The chlorogenic acid was determined with HPLC according to Dreher and
Padmanaban (1983).

- Determination of phytic acid

The phytic acid was determined according to the method deseribed by
Mohammed ef al, (1986) using chromogenic solutions standard.

- Determination of amino acids

Amino acid analyzer (Model 121) was used for determination ol aming acid in
sunilower meal as described by Moore ef al. (1958).

- Assay of trypsin inhibitor (T1)

The trypsin inhibitor activity (TTA) was measured as deseribed by Hamerstrand
ef al. (1981).

- In-vitro protein digestibility

In-vitro digestibilily index for prolein was carried out according to the method
described by Singh and Jumbunathan (1981),

- Electrophortic analysis

Moleculur weights of subunits of protein extracted by using (0.02 N NaOH) from
different flours were determined by using sodium dodecyl sulphate polyacrylamide
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gel electrophoresis (SDS-PAGLE) according to the method deseribed by Laemmeli
(1970).

RESULTS AND DISCUSSION

Chemical composition of sunflower seeds, kernels and by-
products

Chemical composition of sunflower seeds, kernels and by-products are preaented
in Table (1), ‘The results show that fat content is higher in sunflower kernels and
sceds than in by-products since its ratios were 354, 41.85 and 5.45%,
respectively,

The above mentioned results indicate that dehulled sunflower meal (kernels)
contains lower crude liber content (9.3%) when compared with sunflower seuds
and by-products (20 94and 29.96%). The crude protein was found to be higher in
by-products (52.8%) than in sunflower seeds and kernels (22.55 and 26.68%).
respectively. Also, the values of total soluble sugars content were 3.27. 0.50 and
3.22% in seeds, kernels and by-products, respectively.

These results are in agreement with those obluined by Shamanthaka and
Subramanian (1984), Abu-El-Seoud (1989) and Abu-Shama (1998).

Table (1):  Chemical composition of sunflower sceds, kermels and by-
products (/100 g dry weight).

Componcents Sunflower seeds I Kernels By-products
Moisture [ =y 415 o3 |
ST T e 5.45
E Tnn;lnprntein 22.55 - Zt’r.t-iﬂ | 52.80
| Ash : 4.15 TR
E i'nta! solulde sugars - 5.27 (.50 322 ¢
 Crude fiber 2091 | 930 | 299

Factor affecting the extraction of polyphenols

The effect of pH and numbers of extraction on polyphenolic compounds were
studied. Data presented in Fig. (1 and 2) showed that the maximum polyphenol
extraction was achieved at pH 5.0 and 6 times extraction.

Ihese results are in agreement with that obtained by Giancarlo and Mareo
(1977) who lound that the ability of acidic butanol (pH 5.0) to remove the
polyphenols and oligosaccharides from sunflower meal without deteu.iblt, prolein
denaturation.

Also. Nuria er al. (1999) rcporied that the complete removal of polyphenol
compounds lrom sunflower seeds and by-products required long periods of
shaking with polar organic solvents.
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Fig.( 1): Effect of pH on the extraction of polyphenol from

sunflower kernals and by-products meal.
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Fig. (2 ): Ettect of extraction number on polyphenal from kamels
and by-products meal,
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Removal of polyphenolic compounds in acidic medium

The total polyphenols and its removal percent from sunflower kernels meal and
by-products were determined alter extraction with different organic solvents such
as ethanol. methanol, acetone, butanol and different reducing salts such as sodium
sulfite, ascorbute and dithionate: in acidic medium (pll 5.0). The obtained results
are shown in Table (2 and 3).

From the results recorded m Fables {2) it is shown that treatment with methanol
solution at acidic pH gave the highest removal ol polyphenols about 92.14 and
95.4% from kernel and by-products meals. respectively. Rahma and Rao (1981)
mentioned similar results with this study.

Also, results in Table (2) show that using ascrobate us a reducing salt was suitable
for the removal of polyphenols from sunflower kernels and by-product meals. The
removal percentage were 68, 21 and 67.77% for the above materials, respectively.
The results in Table (3) indicate that treatments with methanol at acidic phl (5.0)
gave the highest removal of polyphenols fractions [res, bound and chlorogenic
acid about (92.5 and 97.1%), (91.6 and 91.9%) and (97.9 and 96.6%) from kemel
and by-products meals, respectively.

Tahle {2): Total polyphenols content and removal percent of sunflower
kernels and by- product meals at pH 5.4,

Kernels meal | By-products meal
Tom Y mnovu]_ T Toul l%-re.m vail o
Ireatments vesidueof | ™ : | residue of iy d
: of Color of Color
polyphauol Ivphenols polyphanal olyphenols
: SO St I B T T
Contral . s - Creamy 4.50 g Brown
g = Yellow rh e S
Ethanol 0.422 | IN.ﬁ_'J ) ...'.‘.'\i!".'i_‘.‘l.._l_ : 0.370 'Ill.‘f f tl:'.n}_
Methanol 0304 | opgq | YSHOW I iop 95.4 Grey
o AT e e White -
= Yellow :
Acetone e FI.MZ 91.42 White 0.284 9’-63 b _I_GTE_._'
Butanol 0.353 90.87 White 0.291 93.53 Grey |
Sodium sulfite 1.34 6408 Creamy L.R& ' SR.60 Grey
Ascorbate 1.23 68.21 While 1.45 67.77 Grey
Dithivnate 1.81 5312 Yhite .09 53,55 Grey

Chemical composition of protein concentrate after treatment by
different organic solvents and reducing salts

The results concerning the elfect of different treatments (orpanic solvents and
reducing salts) on the chemical composition of protein concentrme from
sunflower kernel and by-products meals are tabulated in Table (4).
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The data presented in Table (4) indicated that protein conlent of all samples was
increased after treatments. It could be noticed that sunflower kernels and by-
products meals contain higher ammount of protein in all treatments compared with
the content of sunllower seed meal, The increase of protein may be due to the
solubility of major amount of carbohydraics especially when using the above
solvents. These results are in agrecment with those reported by Abu-Shama
(1998)

On the other hand, the ash content was decrensed in all investigated samples.
These results are confirmed with the results stated by Shamanthakas and
Subramanian (1984) who reported that three times extraction of kernels with
those solvents reduced the ash content from 8.3 10 2.3%,

However, crude fiber content was also affected by the above mentioned
freatments as shown in the same Table {4). The percentage of crude fiber was
relatively increased after treatment ol sunflower by-products meals with the above
difTerent solvents. On the contrary, it was found that crude fiber was reduced in
sunllower kernels meal alter treatments. This reduction in crude fiber may be lo
the separation of lranslucent layer or testa from kemels during the treatment us
explained by Sosulski (1979).

These results are in agreement with those reported by Sodini and Canella (1977)
who described the use of acidic butanol reagenl fur removing phenolics from
sunflower meal without causing detectable protein denaturation.

Effect of alkaline medium on the removal of polyphenolic

compounds from sunflower kernels and by-product meals

The total polyphenols of sunflower kernels meal and by-products were extracted

with NaOOH and different reducing salis such as sodium sulfite, ascorbate,

dithionate and sodium sulfite with iso-propanol in alkaline medium (pH 10.0).The

obtained results are shown in Table (5).

Table (5): Effeet of alkaline medium on the removal of polyphenolic compounds
from sunflower kernels and by-product meals at pH 10.0.

= ‘Kernel meal _ By-product meal i
. Total Total 1 !
Treatments | resulue of o | residue of Yo |
Calor | i Color
polyphensl  removal polyphenol | removal
_ {g/L00g) _(g/100g) )
H Control 3.87 - Yellow 4.50 - Brown
1 T . S hogdTieas e
NaON 034 | 9120 | Green 0.31 93 Dirh
i el H s i ria iR AEeen
Sodinm sulfite 036 | sage | White 0.34 o4 | DAk
R B e e e ’ creamy =S creamy |
| Ascarhate 0,51 B6.80 | Creamy B48 | RYM Ehurh
e el yellow
Dithionate 052 | 8660 | Creamy 0.48 goq | PRIk
A, 1 : | yellow
| Sodium sulfire + : Dark
bes L35 A ' |
_isopropanol i | S M | N e |
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Data reporled in Table (5) indicate that treatment with NaOH gave the highest
removal of polyphenols (91.20 and 93,1%) fram kernel meals and by-product
mieals. respectively. But, the color of isolnted protein after treatment was found to
be green and dark green. Which is due to the oxidation of chlorogenic acid in
alkaline medium and therefore limits the use of protein from sunflower sceds in
food industry.

From the above mentioned results,it s indicated that trestment of sunflower
kernel and by-products with the above reducing salts removed most polyphenols
86.6-00.7 and §9,4-92 4%, These reducing agenls prevents the accumulation of
quiniones which may be participate in reactions leading o colored products
(Gheyasuddin er al., 1970).

On the other hand. using sodium sulfite with isopropanel for extraction produced
good while isolate protein because the alcohol is able to break H-bonds as it is
known that polyphenals at acidic pH remain combined with protein in unusually
strong H-bonds, (Pomenta and Burns, 1971).

Determination of sunflower protein subunits molecular weight by
using SDS-PAGE

Polyacrylamide gel electrophoresis in the presence ol detergent sodium dodecyl
sulphate (SDS-PAGE) was used for determination the subunit molecular weights
(MW} of protein extracted by alkaline solutions from both sunflower kernel and
by-products after different ireatments. The molecular weight of the subunits
dissociation from both samples protein were determined (Fig.. 3). The obtained
results show that both sunflower kernel and by-products protein dissociate into | ]
cubunits with molecular weight (MW) ranging from 95.499 1o 14,125 KD.

Data in Fig. {3) showed that subunits of kernel protein having similar bands with
by-products, bul having strong intensity bands than by-products in the all
treatments.

Effect of different treatments on the removal of phytic acid and
trypsin inhibitor activity from sunflower meals

The removal of phytic acid and trypsin inhibitor activity lrom-kernel and by-
products meal at acidie and alkaline medium are shown in Table (6)

The results indicate that treatments of the kemel and by-products with different
alkaline solutions were more effective in removing phytic acid and trypsin
inhibitor (antinutritional factors) than different acidie media.

These results are in apreement with those reporied by Saced and Cheryan,
(1988) and Ahu Fl-Seoud(1989).

Effect of dilferent treatments on sunflower in vitro protein
digestibility

In-vitro protein digestibility of raw and treated sunflowers was performed and the
results ure shown in Table (7). The results show that the dipestahility index for
sunflower kernel and by-products before treatments was found to be 80.47 and
78.46%, respectively. While. after treatment of sunflower kernel and by- products
with dilferent orgunic solvents alacidic medium (pH.5.0) protein digestibility

£1 Atlia el ol
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Table (6): Effect of dilferent treatments on phytic ic acid and trypsin inhibitor
_from kernel and by-products meal,

Phyticacid % | Trypsin inhibitor (mg/g) |
. [ |
| Tt | Kemel | Bypoduct | Kermel | g
T Untreated | 432 e Y T L1 o]
IM‘-‘.‘M
Ethanol 1.31 1.12 ! 0.521 .50 |
Methanaol | 1.15 0,92 0.53 0,42
Butanol .88 0.71 0.54 0.41
Acetone 0.99 0.84 0.56 [ 0.44
Sodium sulfite 1.62 1.29 0.98 0,83
Dithionate 1.71 1.51 0.96 0.85
Ascorhate i 0.96 0.81
Alkaling medium i I
NaOH 0.32 (.25 0.0 0 |
Sodium sulfite 0.29 0.21 0.0 00 |
Dithionate | 034 0.27 0o 0.0
Ascorbate 0.33 0.27 | 0.0 0.0
Sodium sulfite + (.22 0.18 00 0.0
lsopropanel 3 2

Table (7): Effect of different treatments on sunflower meal in- vitro protein
digestibility.

Tt ok I'rotein digestibility index %
Kernel HBy-product
Unitreated : B0.47 b 78.46
Acidic medium |
Methanol 87.54 §4.01
Ethanol 87.84 B5.21
Butanol 85.45 54.89
Acelone 84.53 83.95
Sodium sulfite 79.90 79.43
Dithionate i 79.42 .12
| Ascorbate | 80.83 CiYeag
| Alkaline medium
NaOH 93.65 03,70
Sodium sulfite ! 93.52 93.53
| Dithionate ' 93.11 93.14
1 Ascorbate . 93,12 93.15
Sodium sulfite © 03,57 93.62 *
l Isopropanol [ -~ dipaak
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hdex increased from (79.42 to 87.84%) und (79.12 lgﬂﬁﬁ.il%] respectively at
different treatments except sod-sullite , dithionate / ascorbate comparing with
untreated materials.

The highest amount of protein digestibility index was found to be 93.65% lor
kernel and 93,70% for by-products when treated by NaOH (alkaline solution),
This increment due to decreasing the amount of polyphenols and trypsin inhibitor
activity under these conditions. These results are in agreement with those reported
by Nuria ef al. (1999) who found that polyphenols can affect the quality of
sunflower protein in several ways such as reducing the digestibility, prolangoing
or shortening the storage life and stability and adversely altring the functional
properties and behaviour of sunflower protein in food sysiems.

Effect of different treatments on the amino acidscom position

The amino acids composition of kerncl meals. by-products meal protein
concentrate and protein isolate of sunflower are determined and presented in
Table (8). s

Table (8): Effect of different treatments on the amino acids components of
ke:r-ual and by — product meals (/100 g protein).

| _By- product meals
Components of | Kernel meals Without I Protein concentrate | Protein isolate
amino acidy protein | after Butanol | alter NagSo,
Ji SCRmBtTt (reatments treatments
- - §
Fasentinl s ming acids (ELAA)
Lys 3.90 383 A5 ' 3.82
Leu T7.50 T.40 7.32 T.36
Iso- Leu 4.20 4,40 4.38 4.43
Cyst+ Met 1.50+2.34 1.30+2.30 1.2+42.27 1.3+2.3
Phe + Tyr 4.80+3.30 4.90+3.10 4.98+3.20 S11+3.20
Try 1.44 L 140 1.42 1.40
Thr A.65 3.7 350 Aol
1 AR el el 4.75 423 X 4,60
T.EAA, N 3601 312
Non essential amino acids (N.E.AA L
His ' 2.70 2.60 2.50 2.62
Arg . 8.10 8,20 810 i
! Asp B30 K10 780 7.80
| Gl 19.50 I8.70 19.80 20.20
Ser 4.40 4.20 4.30 20.40
‘ Pro 4.70 4.00 4.80 4.80
Gly 5.40 5.20 5.30 5.20
| Ala 4.40 4.40 4.20 40
T.N.E.AA, 57.50 56,00 5690 5735 |
TAN T 9308 |  masl 0447
[ Classified distribution of amino scids: :
ET % I 1549 15.71 IS8 15.21
Acidic % 29.29 2879 | 29,81 i 29,63
Basic % | 3948 3983 19,75 920
Aromatic % . 1289 1289 13.02 RS |

R4 Aitia vf al,
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The obtained resulls indicate that total essential amino acid contents were 37.39,
37.08, 36.01 and 3712 for kerncl. by-products meal, protein concentrate and
1solate.

Bodwell and Hopkins (1985) found that essential amino acids of oil seed protein
ranged from 35 to 45% of their total amino acids, Also they reported that these
levels of essential amine acids equal or exceed from those specified in reference
patterns that are based on human requirements. These results are in agreement
with those Bau ef al. (1983), Niazi ¢f al. (1994) and Alaa (2002). They reported
that the amino acid components of proteing from extracted sunflower meal ul
acidic butanal medium was similar to that of the unexiracled meal. Also, they
reported that no significant differences were observed in debulled and defatred
sunflower meals in essential amino acid content except for lysine which was
slightly reduced,

REFERENCES

AO.AC. (1995). Official Methods of Analysis of the Association of Official
Analytical Chemists. Published by the A4 €0.4.C 16™ Ed. Washington, D.C.

Abu El-Scond, E.1Y. (1989). Evaluation of the utilizations ol some oil seed meal
products in human foods. PhD. Thesis, Fae. of Agric, Ain-Shams Univ,

Abu-Shama H.S.(1998). Chemical and technological studies on sunflower meal.
MSe, Fae of Agric., Cairo Univ.

Alan, A.H.G. (2002). Biochemical studies on the oil and protcin extraets of jojoba
seeds. M Sc. Fae of Agric, Zagazig Univ..

Ann-Safie, S.; Mats, B.; Nils-Gannar, (i.; Leif, I.; Erika, S. and Lena, R.1L
(1999). Inositol phosphates with different numbers of phosphate groups
influence iran absorption in humans. Am. J Clin. Nuer., 70: 240-246.

Bau, H.M.; Mohtodi-Nia, D.J.; Mezean, L. and Debry, G. (1983). preparation
ol colorless sunflower protein  products: Effect of processing on
physicochemical and nuiritional properties. /. Am. Qi Chem. Soc., 60:1141.

Beleia, A.; Thaol, L.T, and lda E.I, (1993): Lowcring l’h}lic'phusphurus by
hydration of soybeen. J Food Sci., 58: 375-377,

Bodwell, C.E. and Hopkins, D.T. (1985). Nutritional of charachteristics of oil
seed proteins, In. Altsehul, AM. and H.L. Wilcke (Ed.) "New protein
foods”, Vol. 5 pp. 221-257. Academic Press, New York.

Carmen, A.; Jesus, T.; Almudena, R.; Luis, T.0.; Maria, L.R. and Carmen,
C. (1999), Tull-fat sunflower seed as a protein source for broiler chicks, Jf
Sei. Food Agric., 79: 1686.

Demeczky, M.; Szigeti, Z.; Vasarheli, Peredi, K., (1983). Production of protein
isolates from extracted sunflower grits. Aeta Alimentaria, 12: 151161, [e.l
Koteh, (1991) M.Sc, Thesis,, Fac. of Agric., Ain-Shams Univ . .




The Secamd Conterence On The Role OF Biochemistry In Lnvironment And Agriculture (ZUU4)

Dubois, M.; Gilles, K.A.; Hamilton, JK.; Rebers, P.A. and Smith, F. (1956):
Colorimetric method for determination of sugars and related substances,
Analyt, Chem,, 28: 350-356

Dreher, M.L. and Padmanaban, G. (1983). Sunflower hull flour as a potential
dictary fiber supplement. ./ Food Sei., 48 1463-1465.

Ghevasuddin, 5., Cater, C.M., and Mattil, K.F.(1970). Preparation of a
colorless sunflower protein isolate. Food Technology, 24: 242-243.

Giancarle, S. and Maren, C. (1977). Acidic butanol removal of color-formmg
phenols from sunflower meal. J Agric Food Chem., 25(4): 822-825.

Gutfinger, T. (1981). Polyphenols in olive oils. J Am. il Chem. Soc., 58: 966~
986.

Hamerstrand, G.E.; Black, L.T. and Glover, .. (1981). Trypsin inhibitors in
soy products, modification of the standard analysis procedure. Cercal
Chem., 58: 42-45,

Laemmeli, UK, (1970). Cleavage of structural protein during the asscmbly of the
head of bacteriophage Te. J Nutr, 227: 680-685.

Melnychyn, P. and Wolcott, .M. (1971). Isolated soy protein. LS. Patent., 3:
630-753.

Mohammed, A., Ponnamperuma, A., Perera, J. und Hafez, Y.S. (1 986). Mew
chromophore for phytic acid determination. Cereal Chem., 53, 475-478.
Moore, S. Spachman, D.IL. and Stein, W. (1958). Chromatography of amino

acid on Sulphented poly-styrene resins. Anal. Chem., 30 ] 185-1190.

Niazi, AH.K.; Kausar, T.; Ishaque, W. and Abid Khawaja, M. (1994},
Nutritional quality of sunflower protein concentrate and isolate, Seience
Internationad, 6: 249-250. [c.f. FSTA 28(4), (29, 1996].

Nuria, C., Mercedes, M.P., Luz, M.R. and Knud, E.B.K. (1999). Chemical
Composition, digestibility and protein quality ol 12 sunflower (Helianthus
annuus 1.) Cultivars. J. Sei. Food Agric., 79 1775-1782.

Pomenta, J.V. and Burns E.E. (1971). Factors affecting Chlorogenic, Quinic,
and Calleic acid levels in sunflower kernels. .J. of Food Sci,, 38: 468-470.

Rahma, E.H. and Rao, M.S.N. (1981). Removal of polyphenols from sunflower
meal by various solvents. Effects on functional properties. J. Food Sci, 46:
152-154,

Saeed, M. and Cheryan, M. (1988). Sunflower protein concentrates and isolates
low in polyphenols and phytate. J Fuod Set., 53: 1127-1131

Sen, M., and Bhattacharyya, D. (2001). Hypolipidemic effect of enzymalically
extracted sunllower seed protein [raction. J Sci. and Food Agric., B1(3):
347-352,

Shamanthaka, S.M.C. and Subramanian, N.(1984): Preliminary studies on
processing of sunflower seed to oblain edible protein concentrates. JoAm
il Chem. Soe,, 61: 1039-1042. 5

Shamanthaka, 5.M.C and Narasinga, M.S, (1990), Binding of chlorogenic acid
by the isolated polyphenol free 115 protein of sunflower (/ feliqnthus
anmius) Seed, J Apric and Food Chem.,. 38(12): 2103-2110.




The Second Conference On The Role Of Biochemistry In Environment And Agriculture (2004)

_— .,

Singh, U. and Jumbunathan, R. (1981). Studivs on the desi and kabull ckick pea
(Cicer aritinum, L) cultivars: levels of protease inhibitiors, levels of
polyphenolic compounds and in-vitro protein diegestibility. J. Food Sci, 48:
1364-1367,

Sodini, G. and Canella, M. (1977). Acidic butanol removal of color-forming
phenols from sunflower meal. J dgric. Food Chem,, 25 822

Sosulski, F. (1979): Organoleptic and nutritional effects of phenolic compaunds
on oilseed protein products. A Review. .f dm (il Chem Soc, 56:711.

Sripad, G. and Rao, N.MLS. (1987}, Lffect of method to remove polyphenols
from sunflower meal on the physicochemical properties of the protein, J
Agric. Food Chem., 35: 962-967.

Trevino, J., Almudena, R., Maria, L.IR., Luis, T.0O., Carmen, C. and Carmen,
A. (1998). Nutritional effect of chlorogenic acid fed to growing broiler
chicks. /. Sci. Food Agric,76: 156-160.

Adlilia g uadd) e sl (5 gadl | Jlagsh) agdlll
Hln.ﬂj.ﬁ- dasa agal -\#:-Lﬁa._lwh
ads aniallie desa bagd e 5058 Cila 8
g 00 el — gk )5 3 48 = el 3 clpasd s

Ol (i temeS Ll ) Lead¥! 3 ualadl o ea ) e e iy
Gt Ay peadd e Gty B s S ASAA iy ) JpanaS Loy il
Iy A0 gl LS el e e A e 4l el e b A aladt
G kOl G fay S Ay Bale el Jpeaddd G g8 Op O A ALYy
L gy cilin g Lt s il A0 e Bala Bl e G 5l 03 D el L Bl
Adliaal 3okl o 4l all ol y (s gl ptiall) die Cy i adai ) 2wy ue
Bl g Jyemtdl Sl e a0l Al s Al gl CAS el e alail
: e Juaail) alild aa
q_u_)!ﬁJuJuJJ'IE:JJJ‘_,ou'IJh:._-IL. g gedd e ,_Ll:n-.lll-r_h_uu_;l_ul 7
28 paii Mo 65080 g s oy %o YA ) YRAA e _HJ..U-.I'-" A 3345 () 9l
64,7 B Y e Gl i
Sya sl day A i) cuda aladioly S G il DY A Ladbeas ] uail
ilaall y Adalall adl e JS %90, 60 5 %AY, YV E Al vilacl
<Y giall 5 al 5 g Lpatasiot o ta kil ey Y i A ) b Raaad W el il -
ad ey 3aSh G oliaaS eatadid SSe daliii)
aakualy S SO Al Z3 Y Saan Ll N ol A Y A Lelee Joadl
Adatal Al il e JSE %ALY 5 %IV VY A Y A 2l S Y
Jeaadl e L Y el e gl A Y I S SO G e byl
T IR S Y



The Second Conference On The Role OF Biochemistry In Environment And Agricuiuie yevuyy

Vo A e A e Gaeld by B o gl 5y Aadlall £V okt

Sy A gt e Ll Gt 93 DR il & duiagan A3 2 OB ue P

ALY et gl A s an gy uils oo geal Al gy A Lales (peal

L g el A e el (s e S8 o Y,

i3y ) s padal g A 31y il ast oy el ANy -
50,4 LY oY, A ey %IV AL (Y G Sl gl

o gy el Ll gl a g Baay Y e gl 5y S Gfis sl -
bk Ay SDS-PAGE o2 6S) aill 4y s plaaduly Gk VEave = A9 as
Al (a8 g8 Jpeaidh s S ad Gig il g dyig sad F 30 A Aty Syt
il g Agiatal

(s [ domile 1) = Vi) Omat AV 0l Biie o cilidd g Al 50 cagial =
. (%, 80 — £,7Y) Aiatll | aes y
el i Jafie Ras pulind il Jgitipally dlaleall (e @S0 S all g
cilaall g ddalal 4l a8 A (8T G VL) sle= [ oalla oV o Vo) e

el el At Cradadl J sl gl el =

et st B (53 S5 Sy a0 g S Ofah -
el Wall o 08 B (%Y vo6e) g (Yor AN ot £,70) o Syl
cicalaall g

) G D D (e e Uay gt (o 55 Symaid! o508l -
il Agdatad Al e JS A (Yo, VA

CTRYA T g YhAe EY aa g ciliall g Adatalt gl o S0 g pdl sl JAaa -
bl L« BoAL,0) 5 AV (ol o Jins IS 5S0al i) L
il g adalsl Al e JSI%AT,Y 4 AV 10 ol aan Jana S geabal

S Al ! e e Adle A (o 5 PP B PP GRS
(PTGl (3l Lt e 250 SISH Al alaa!

(Y'i,'l\'_‘i‘\.a\\_‘}ulﬁf;j.‘xéleiujd-‘ﬂj&___gmkﬂjﬁ.}___aw ) alaal) o

Sl gl e S b A galan) 34 (%1 T, 2 2=1Y, 1Y) S(THYA-T4,¥e)y

Tl gl Rt alaat (pa S (gle Sapale 45 33 50 Y 5 ) gl 5




