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Abstract

This study was carried out to evaluate the chemical composition, functional
properties and antioxidant activity of composite flours made from wheat flour
and some legume flours. Legume flours were prepared from defatted soybean,
soaked sweet lupine and roasted fenugreek. Composite flours were made from
wheat flour (72% extraction rate) and legume flour. The ratio of wheat flour to
soy or lupine flour were 90, 80, 70: 10, 20 30 while, that of wheat flour to fenu-
greek flour were 95, 90, 85: 5, 10, 15; respectively. Chemical composition of
composite flours indicated higher protein, crude fiber and ash contents than that
of wheat flour. These component were increased as the portion of legume flour
was raise in composite flour. Protein, crude fiber and ash contents of the compos-
ite flours from 70% wheat and 30% soy or 30% lupine flour were increased by
61.89 and 57.56% for protein, 135.5, and 128.8% for crude fiber and 280.9 and
134.9% for ash comparing to their original contents in wheat flour; respectively.
In addition, composite flour exhibited superiority functional properties, higher
phenolics content and antioxidant activity than wheat flour. Slight increases were
observed in phytic acid in composite flours from wheat-soy and wheat-fenugreek
while the phytic acid decreased in wheat-lupine flour blend. The physical, nutri-
tional and sensorial characterization of bread made from composite flours will be
reporting in the next publication.
Keywords: Composite flour, soybean, lupine, fenugreek, functional properties, phenolic

compound, phytate, antioxidant activity.

1.Introduction

Composite flour has been de-
fined in numerous researches as a
combination of wheat and non-wheat
flours for the production of leavened
breads, other baked products, and
pastas; or wholly non wheat flour
prepared from mixtures of flours
from cereals, roots, tubers, legumes,
or other raw materials, to be used for
traditional or novel products (Dendy,
1992). Cereal grains provide the ma-
jor energy source for the vast major-
ity of the peoples in developing
countries. The most of cereal based
foods as bread, biscuit and cookies

are poor sources of dietary protein
and subsequently have poor nutri-
tional quality. Several research ef-
forts have been made in enriching
the cereal flour with legume flour
sources such as oil seeds and pulse
(McWatters et al., 2004), because
legume proteins are high in lysine,
an essential amino acid limited in
most cereals (Alain et al., 2007).
Legumes alone contributes to about
33 % of the dietary protein nitrogen
needs of humans in developing coun-
tries and are also a good source of
minerals and water soluble vitamins
(Rochfort and Panozz, 2007) as well
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as a source of other minor compo-
nents that are being investigated for
their  health-promoting  activities
(Ramos, 2007). Because of animal
proteins being more expensive for
low-income people in developing
countries, the legumes and their
products are alternative source for
human nutrition in this case. More-
over, searching for new and valuable
sources of protein to nutritionally
supplement traditional food has led
to an increasing interest in the use of
legume seeds (Martinez-Villaluenge
et al., 2009). Among the legumes
tested as protein-enriching agents of
bakery products, in the form of vari-
ous protein preparations (e.g. flour
and protein isolate), are soybean,
chickpea, pea and lupine (Kios-
seoglou and  Paraskevopoulou,
2011).

The use of a cereal/leguminous
blend may be nutritionally conven-
ient in pasta and bakery products
manufacturing. The legume flour ad-
dition to the wheat flour involves the
incorporation of a higher protein
content but affects the functional and
viscoelastic properties of wheat flour
dough (Giménez et al., 2012). Sup-
plementation of soybean, in a suit-
able form, to cereal foods would not
only increase their protein content
but also improve the availability of
lysine (Riaz, 1999). Soybean pro-
teins include all the essential amino
acids that are important for health
and it 1s about four times of wheat,
six times of rice grain. It is also rich
in Ca, P and Vitamins A, B, C, and
D (Serrem et al., 2011). Soybean
flour has been used to improve pro-
tein quality and shelf life of bread
(Mohamed et al., 2006). Soy protein
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has been widely used as an important
food ingredient in every food cate-
gory available to the consumer, since
it exhibits high nutrition and excel-
lent functional properties (Tang and
Ma, 2009). Among legumes, lupine
is commonly consumed as a snack in
the Middle East and is coming into
use as a high-protein soy substitute
in the other parts of the world (Kurz-
baum et al., 2008). Lupine also is
widely used in food production par-
ticularly as a valuable and techno-
logically desirable additive mainly in
bakery products as well as in dietary
and function food products (Loza
and Lampart-Szczapa, 2008). Fur-
thermore, fenugreek flour can be
also used as supplement to enhance
the low nitrogen content of tradi-
tional products of cereals and tubers;
emulsifying and foaming properties
for the fenugreek proteins were
greater than the other legumes, indi-
cating an important role in food sys-
tems. (El Nasri and El Tinay, 2007).
Due to its high content of fiber,
fenugreek could be used as food sta-
bilizer, adhesive and emulsifying
agent to change food texture for
some special purposes (Khorshidian
et al.,2016).

The goal of the present work
was to enhance the protein content
and quality as well as improving the
functional properties of composite
flours by substituting wheat flour
with different portions of some leg-
ume flours; soy bean, lupine and
fenugreek. The gross chemical com-
position, functional properties, phe-
nolics, phytic acid contents and anti-
oxidant activity of composite flours
were investigated. The composite
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flours will be used for bread making
in next work.
2. Materials and Methods

2.1. Materials:

Wheat cv. Misr I and three
legume seeds, namely, soy bean
(Glycine max, cv. Giza 111) , sweet
lupine (Lupinus albus L., cv. Giza)
and fenugreek (7rigonella foenum-
graecum, cv. Giza 30) were ob-
tained from Crops Research insti-
tute, Agriculture Research center,
Giza, Egypt; during 2014 season.

2.2. Methods:

2.2.1. Preparation of legume
flours: Wheat grains were cleaned
thoroughly, and the foreign seeds
and materials were removed by hand
picking followed by sieving. The
wheat grains were then conditioned
by wetting the grains using tap wa-
ter. The tempering process was com-
pleted by mixing and storing the
moist grains for 14 hours. Milling
was run in a local stone mill. The
straight flour thus obtained was
sieved by suitable sieves to secure
flour of 72% extraction rate. The
flour was stored in cloth bags for 15
days at room temperature.

Lupine seeds were soaked in
water for 48 h with several changes
of water then the soaked seeds were
air-dried for 3 days at room tempera-
ture (25 °C +2). The air-dried seeds
were milled in laboratory to pass
through a 60-mesh sieve. Soybean
seeds were crushed and peels were
removed then the crushed seeds were
defatted by n-hexane (soy flour/ hex-
ane 1:5, v/v) for 1 h at room tem-
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perature. After solvent removing, the
flour was air dried at room tempera-
ture for one day then milled to pass
through a 60-mesh sieve. Fenugreek
seeds were roasted for 10 min at
200°C and then milled to fine flour
pass through a 60-mesh sieve
(Youssef et al. 1987). All fine flour
of lupine, soy bean and fenugreek
were stored in sealed plastic bags at
5°C=1 until used for analysis.

2.2.3. Composite flours: Flour
blends were prepared by substituting
wheat flour with various portions of
legume flour as shown in Table 1.
All prepared samples were then put
in plastic bags and stored at 5°C+1
until analysis.

Table 1: Composite flours of wheat-legume flour.

Abbreviation of sample Muxtures (dry weight basis)
WF 100% Wheat flour

WE-SE10 | 90% Wheat flour + 10% soy flour
WE-SE20 | 80% Wheat flour + 20% soy flour
WE-SF30 | 70% Wheat flour + 30% soy flour
WE-LFI0 | 90% Wheat flowr + 10% lupme flour
WE-LE20 | 80% Wheat flour +20% lupine flour
WE-LE30 | 70% Wheat flour + 30% lupine flour
WE-FF5 93% Wheat flowr + % fenugreek flour
WE-FF10 | 90% Wheat flour + 10% fenugreek flour
WE-FFIS | 85% Wheat flour + 15% fenugreek flour
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2.2.4. Proximate chemical
composition: The chemical compo-
sition of composite flours including
crude protein, starch, reducing and
non-reducing sugar, crude fat, crude
fiber and ash contents were deter-
mined according to official methods
as described in A.O.A.C. (2000).

2.2.5. Functional properties
of composite flours: Water Holding
Capacity was determined according
to the method No.51-61 of AACC
(1990). Oil Holding Capacity was
estimated according to the method
described by Sosulski et al. (1976).
The protein solubility was achieved
according the method of Morr et al.
(1985). Emulsion stability was de-
termined by the method of Yasu-
matsu et al. (1972). Foaming stabil-
ity was carried out according the
method of Narayana and Narasinga
Rao (1982).

2.2.6. DPPH Radical-
Scavenging Activity: Samples were
extracted using methods described
by Zielijski et al., (2008). The DPPH
assay was carried out according to
the method described by Lee et al.,
(2003) with some modifications. The
stock reagent solution (10—3 Mol)
was prepared by dissolving 22 mg of
2,2-Diphenyl-1-picrylhydrazyl
(DPPH) in 50 ml of methanol and
stored at —20°C until use. The work-
ing solution (6 x 10—5 Mol) was pre-
pared by mixing 6 mL of stock solu-
tion with 100 mL of methanol to ob-
tain an absorbance value of 0.8+0.02
at 515 nm, as measured using a spec-
trophotometer. Extract solution of
tested samples (0.1 ml) was vortexes
for 30 s with 3.9 ml of DPPH solu-
tion and left to react for 30 min, then
the absorbance was measured at 515
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nm and recorded. A control without
added extract was also analyzed.
Scavenging activity was calculated
as follows:

DPPH radical scavenging ac-
tivity (%) = [(Ab control - Ab sam-
ple)/ Ab control] X 100
Where Ab is the absorbance at 515
nm.

2.2.7. Determination of phe-
nolic compounds: The method of
Abdel-Gawad (1982) was used for
liberation and extraction the total
phenolic compounds from the sam-
ples by alkali hydrolysis followed by
the extraction the phenolics at pH 3.5
using diethyl acetate. After removing
diethyl acetate, the residue was dis-
solved in methanol. Free phenolic
compounds were extracted from the
samples by methanol only without
alkali hydrolysis. Phenolic com-
pounds were determined according
to the Folin-Ciocalteu spectropho-
tometric method (Singleton and
Rossi, 1965), and as standard gallic
acid was used. The results were ex-
pressed as milligrams of gallic acid
equivalents (GAE) per100 gram of
flour sample on dry weight basis.
Bound phenolic compounds were
calculated by subtract free phenolics
from total phenolics.

2.2.9. Determination of Phytic
acid: The phytic acid was deter-
mined in terms of its phosphorous
content, using the method described
by Kent-Jones and Amos (1957).

2.2.10. Statistical analysis:
Data were analysed by analysis of
variance (ANOVA) using a com-
pletely randomized factorial design.
Basic statistics and ANOVA were
performed to test the significance
within replications and between
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treatments (MSTAT-C, 1989). The
LSD tests were used to determine the
differences among means at the level
0f 0.05%.
3. Results and Discussion

3.1 Chemical composition

The chemical composition of
wheat flour and composite flours
made from wheat flour and legume
flours are shown in Table 2. The re-
sults of chemical composition of
wheat flour are in close agreement
with those obtained by Aleem ef al.
(2012) and Lopez (2014). The pro-
tein, crude fiber and ash contents of
composite flours were increased sig-
nificantly (P<0.05) with substituting
level increasing of wheat flour by
legume flours. The high protein con-
tent of flour blends recorded in WF-
SF30 sample (19.05 %) followed by
WF-LF30 (18.53 %). The increase in

ash and crude fiber contents of blend
flours may be due to the higher ash
and fiber contents of legumes flours
than that in wheat flour. The soybean
seeds have been reported to contain
an appreciable quantity of minerals
(Plahar et al., 2003) and lupine is a
good source of nutrients, not only
proteins but also lipids, dietary fiber,
minerals, and vitamins (Martinez-
Villaluenge et al., 2009). The in-
creasing of added portions of legume
flour resulted a significant decreas-
ing of starch content of blend flours
which may be attributed to the lower
content of starch in legume flour
than wheat flour (Aniess et al.,
2015). Small and variable variances
were observed in reducing and non-
reducing sugars contents of blend
flours.

Table 2: Gross chemical composition of wheat flour and wheat-legume composite flours (on dry weight basis).

Samples Protein Starch Redocing | Non-reducing Fat Crude fiber Ash
{%) (%) Sugar (%) sugar (%) (%) (%) (%a)
WF 1L76+ 046 | 825317 038200212 | 2322007+ | 14200215 | 0590022 | 063z 0.0l6e
WE-SF10 14.16+0.95 78.86 = 0.08 041£0.029% | 2460005 | 141£0.016 | 11000128 [ 1.29£003
WE-SF20 1717091¢ 7482 £ 045 0.43 2 0.008= 24340045 | L38£000d | 12720035 | 189008
WE-SF30 1905023 72142045 0450026 237003 | 136:0008" | 1390008 | 240£02
WE-LF10 14.11 £ 0.04 7809125 03720017+ | 2352002 | 232:0021F | 105+0.032¢ | 0M+0.01<
WE-LF20 16.53 =0.25 7448 £ 084 03520032 | 257=00d= | 32520029 | L22=004 | 12620017
WE-LF30 1853 = (.82 7130+ 077 03220024 | 261+001% | 390+0026 | 1350023 | 14801
WEIT 5 12264028 | 8100+ 0.69 0380016 | 2572002 | 185001 | L04+0037 | 084=000F
WE-FFL0 13.8£058< | T9.08=0.08 04020017 | 2632002+ | 2200016 | L3200 | L052000%
WEFF13 1437+ 018 T1.35 047 0430014~ 168009 | 239:0041 | 1550086 | 128+0016

Values are the mean of triplicate deteyminations with standard division. The different letters at the column means
significant differences at (p=0.03) and the same lefters means no significant differences.
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3.2. Functional properties

The functional properties of the
wheat flour and composite flour are
summarized in Table 3. The most
functional properties determined for
composite flours exhibited higher
values than that observed for wheat
flour alone and showed significant
variations at p<0.05.This observation
is agree with the results reported by
other workers (Mahmoud et al., 2012
and Alu’datt et al., 2012). Composite
flours exhibited maximum values for
the water holding capacity in WF-
SF30 (148.58%) and WF-FF15
(148.12%) samples, which may be
due to the high protein content
(19.05%) in the WF-SF30 sample
and to galactomannan presence in
fenugreek flour in WF-FF15 sample.
The ability of protein in flours to
physically bind water is a determi-
nant of its water absorption and
binding capacity (Apotiola and
Fashakinly, 2013). The high insolu-
ble fiber 20-25% and galactomann
20-30% in fenugreek are responsible
for high water absorption and bind-
ing capacity (Afzal et al, 2016).
Wheat-lupine flour mixtures showed
lower water binding capacity in
comparison to other composite flours
(Table 3). Significant differences in
oil holding capacity of composite
flours were also observed. The mean
values showed higher oil holding ca-
pacity for WF-FF15 (121.19%), fol-
lowed by WF-SF30 (120.99%), WF-
FF10 (119.19%) and WF-LF30
(115.90%), whereas, the lowest
106.32% was for WF-LF10. The
mechanism of fat/oil holding capac-
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ity explained by Kinsella (1979) as a
physical entrapment of favour reten-
tion. Chau and Cheung (1997) re-
ported that surface area and hydro-
phobicity improve oil holding capac-
ity. The composite flour samples
from wheat/legume flours showed
higher values and significant varia-
tions at p<0.05 in the protein solubil-
ity, except the sample WF-FF 5, than
wheat flour. The solubility of a pro-
tein is usually affected by its hydro-
phobicity or hydrophobic balance,
depending on the amino acid compo-
sition, particularly at the protein sur-
face (Moure et al., 2006). The in-
crease in the values of emulsion sta-
bility and foam stability for wheat-
legume composite flours were sig-
nificant at p<0.05 compared with
that of wheat flour. The emulsion
stability normally reflects the ability
of the proteins to impart strength to
an emulsion for resistance to stress
and changes and is therefore related
to the consistency of the interfacial
area over a defined time period
(Pearce and Kinsella, 1978). Foam
formation and stability generally de-
pend on the interfacial film formed
by proteins which keeps air bubbles
in suspension and slows down the
rate of coalescence. Foaming proper-
ties are dependent on the proteins, as
well as on other components, such as
carbohydrates present in the flour
(Sreerama et al., 2012). The obtained
results in this study indicated that the
composite flours from wheat-legume
had good functional properties.
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Table 3: Functional properties of wheat flour and wheat-legume composite flours.

Samples Water holding Oil holding Soluble protein Emulsion Foam stability*
capacity (%) | capacity (%) | a5 9 of total stability (%) (%)
sample protein
WF 105.00 +0,25' 104.10 = 0.82¢ 10.84 = 0.44¢ 39,60 £ 0.94= 77.75+ 0.34¢
WE-SF10 116.97 £ 0.07¢ 113.60 +0.71° 12.44 £ 0.15< 44.41 £ 0.72¢ 81.94 £ 0.06¢
WE-SF20 130.40 = 0.31¢ 114.40 = 0.457 12.94 + 10,3035 47.66 £ 0.470 84.12 £1.1282
WE-5F30 148.58 £0.077 120.99 +0.33° 13.65 = 0.26° 49,51 £ 0.43 86.30 £ 0.84
WE-LF10 110.95 +0.32 106.32 + 0.48° 12.14 £ 0,38 41,75 + 0.51f 8353 £1.554
WE-LE20 115.14 £0.19: 110.16 + 0.59° 12.70 £ 0.31% 45.79 £0.71¢ 85.00 + 1.80%
WE-LE30 121.41 £ 0.08¢ 115.90 £ 0.53° 13.36 £ 0,29 47.31£0.27" 87.96 = 0.86°
WEF-FF 5 125.04 £1.37¢ 114.50 £ 0.397 11.56 £ 0.432 43.25 £ 0.30% 79.58 + 1.01¢
WE-FF10 136.80 £0.20¢ 119.10 £0.35" 12.31 £ 0.69< 43,28 £ .51 83.17 £ 0.62¢2
WE-FF13 148.12 £ 0.40° 121.19 = 0.82" 12.81 +£ (.55 48.20 £ 0.50° 85.27 £ 1.50%

Values arve the mean of triplicate determinations with standard division. The different letters at the column means
significant differences at (p=0.05) and the same letters means No significant differences.

* Foaming stability (%) after 30 min.

3.3 Phenolic, phytate and antioxi-
dant activity

Phenolic compound, phytate
phosphorus, phytic acid content and
antioxidant activity of wheat flour
and wheat-legume composite flours
are presented in Table 4. Results in-
dicated that the content of free phe-
nolics, which extracted only with
methanol without alkali hydrolysis,
are lower than the bound phenolics
in wheat flour and composite flours.
The values of free, bound and total
phenolic compounds showed raise in
composite flours with increasing the
added portions of legume flour and
the results indicated highly signifi-
cant differences at P<0.05 between
wheat flour and wheat-legume com-
posite flours. The substitution of
wheat flour with 5, 10 and 15%
fenugreek flour exhibited however
convergent values of total phenolic
contents compared with 10, 20 and
30% soy or lupine flour due to the
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high phenolics content in fenugreek
flour than soy and lupine. Polyphe-
nols have been traditionally consid-
ered undesirable components in food
products because they may cause
darkening due to oxidation of phe-
nols, leading to formation of dark
pigments. In addition, they have
been considered antinutritional com-
ponents because they can react with
certain essential amino acids, limit-
ing their availability (Crépon et al.,
2010). Nevertheless, in more recent
years, polyphenols in general, and
flavonoids in particular, have been
recognized as food components with
health-promoting properties, includ-
ing antioxidant and anti-proliferative
activities in cells (Ramos, 2007;
Saura-Calixto and Goni, 2009).
Phytic acid content is calculated
from the values of phytate phospho-
rus which indicated their altitude
with increasing the portions of soy
bean and fenugreek flour in compos-
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ite flours from 10 to 30% (Table 4).
In contrast, increasing the portion of
lupine flour from 10 to 30% lead to a
decrease in phyatate content in all
wheat-lupine flours and this may be
due to decreasing the phytate content
in lupine seeds by soaking for 48 h
before the preparation of lupine
flour. It i1s known that the soaking
process of legume activate the en-
zyme phytase which degraded the
phytic acid to inorganic phosphate
and inositol (Frias et al., 2003).

Phytic acid has long been known as
an anti-nutritional factor since it re-
duces bioavailability of several min-
erals due to its ability to chelate them
(Sandberg et al., 1989). At present,
growing concern about phytic acid
and their hydrolysis products has
arisen from the finding that it might
have beneficial effects such as anti-
oxidant function, protecting against
cancer risk (Vucenik and Shamsud-
din, 2006).

Table 4: Phenolic compound, phytate phosphoruz, phytic acid and antonidant activity of wheat flour and wheat-lezume

composite flours,

Samples Phenolic compound mg/100g d.b. Phytate phytic acid Anfioxidant
Free bound Total phosphorus mg/100g d.b. activity’e
me/100z db.

WE 507076 | 3861220188 | 301292058 | 11903H)71° | 4267=18F 374010
WE-SF10 | 3.50+041% | 396.12+041% | 401.62+082° | 120.76+020° | 42845070 | 703£079%
WESF2 | 742047 | 408974014 | 41639:050° | 121572035 | 4313312% 8.76+0.20°
WE-SF30 | 941032 | 41732026" | 426732022 | 12320:098" | 43714212 | 11.18:0.86"
WELFI0 | 537£051% | 30478083 | 40015:004" | 1157019 | 410752066 | 633+055%
WELF20 | 6252061° | 40719098 | 413442117 | 11341=048% | 40238:171F | 828+(059"
WELF30 | 7552037 | 414752053 | 42230057 | 110152069 | 390812226" | 10.16+0.68
WE-FFS | 510£059° | 39800144 | 40310x171° | 1199420114 | 42555:084% | 5.27x060°
WE-FFI0 | 7642029° | 4038020.16° | 413442046 | 120702025 | 42824088 | 6112073
WEFF15 | B45+045% | 412374030° | 420824045" | 12230+050® | 43424&17F | 718067

Values are the mean of triplicate determiations on dry weight basis (d b.) with standard division. The different

letters at the column means significant differences at (p=0.03) and the same letters maans No significant

differences.
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The statistical analysis of free
radical scavenging activity of wheat
flour and wheat-legume flours (Ta-
ble 4) indicated that the WF-SF30
and WF-LF30 samples showed
higher antioxidant activity than other
composite flours. DPPH radicals
scavenging activity for the latter
samples were 11.18 and 10.16%; re-
spectively. The results of total phe-
nolic compound assay followed a
similar pattern to that of DPPH anti-
oxidant assay for these two samples
as well. In general, it can be con-
cluded that the results of the present
study have confirmed the high anti-
oxidant activity and phenolic content
of composite flour when the portion
of legume flour increased and there
are a positive relation between phe-
nolics content and DPPH antioxidant
activity. The results are agree with
that reported by Aniess et al. (2015)
and Kenny et al.( 2013).

4. Conclusion

Composite flours from wheat-
legume flour showed high protein,
crude fiber and ash contents. In addi-
tion, it exhibited superiority func-
tional properties, high phenolics con-
tent and antioxidant activity.
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