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ABSTRACT

The current study was a trial to produce an acceptable herbal bakery product such pan bread using Moringa leaves powder
at different ratios, (5, 10, 15 and 20%). Chemical composition, and minerals content of raw materials and processed pan bread
samples were determined. Rheological characteristics of these treated dough, sensory evaluation, physical properties, staling rate
and microstructure of processed pan bread samples were conducted. The obtained results indicated that Moringa leaves powder
contained high amounts of protein and crude fiber, beside some essential minerals namely Calcium, Magnesium, Phosphorous
and Iron. Addition of Moringa leaves powder to pan bread raised the protein content up to 21.85%, ash (5.21%) and
carbohydrates content decreased and reached 59.34%. Treated pan bread with 10% Moringa leaves powder had higher amount of
Magnesium (Mg), Calcium (Ca) and Iron (Fe) compared with control sample (from 25.50 to 102.56 mg/100g, 12.85 to 205.60
mg/100g and 4.54 to 12.56 mg/100g, respectively). Rheological properties showed that addition of Moringa leaves powder
negatively affected on some farinograph and extensograph values. Sensory evaluation showed that although there was an
improvement in nutritional value, the acceptability of all pan bread samples decreased with increasing level of Moringa leaves
powder ratios, especially pan bread with 15 and 20%. As physical properties, baking loss % ranged from 3.5-5.5% in bread
sample E and control sample, respectively. Results showed observed decreases in texture profile properties namely gumminess,
chewiness, springiness and resilience in all pan bread samples compared with control sample. Results of staling rate indicated
that there were gradual increases in all processed pan bread freshness up to 4 days of storage compared with control sample.
Finally, microstructure results showed different crystal types varied in shape, size and distribution in processed pan bread with 15
and 20% compared with other samples 5 and 10%. Also, the starch granules appeared wrapped and swollen in pan bread with 15
and 20% addition ratios. Generally, it could be said that, it is possible to produce acceptable herbal bakery products such as pan
bread using Moringa leaves powder with ratios of 5 and 10%. Moringa leaves powder is considered as a rich source of Ca, Mg
and Fe, could be used to prepare many bakery products, but there is a need to carry out more studies to evaluate these minerals

bioavailability.

Keywords: Bakery products, Moringa, sensory evaluation, rheological properties, chemical and physical characteristics.

INTRODUCTION

Moringa oleifera tree is an Indian plant, adapted
to grow in different countries including Egypt. Many
parts of this plant have various benefits such as seeds,
leaves and flowers. It has a lot of uses like foods and
drinks to try to get its highest advantages. High content
of minerals especially iron and protein, antioxidants,
vitamin A and B group are some of its benefits
(Mahmood, et al., 2010).

Sengev, et al. (2013) found that processed bread
samples using wheat and Moringa flour mixtures had
high nutritive values especially in crude fiber, protein,
fat, minerals and B-carotene, but had poor physical
properties and lower of acceptability.

Mouminah (2015) investigated producing a type
of bakery product such as cookies using dried Moringa
leaves in ratios of 5, 10 and 15%. She concluded that it
was possible to produce acceptable cookies with higher
content of protein and minerals at replacement ratio of
10%.

So, this work is a trial to produce a type of herbal
bakery product, pan bread, using Moringa leaves
powder with different addition ratios (5, 10, 15 and
20%). To achieve this goal, approximate chemical
composition, minerals content, rheological
characteristics of treated dough, sensory evaluation,
physical properties and microstructure using electronic
microscope were carried out.

MATERIALS AND METHODS

Materials:

Moringa oleifera leaves were collected from
Faculty of Agriculture farm, Mansoura University,
Mansoura, Egypt.

Wheat flour (72%) extract was purchased from a
hypermarket, EI-Mansoura city, Egypt.

Salt, dry yeast, bread improvers, sugar and corn
oil were bought from local market, EI-Mansoura city,
Egypt.

Methods:
Preparation of Moringa leaves powder:

Moringa leaves were washed using distilled
water and divided to different portions for drying. Then,
they were dried using microwave sharp oven model
(R75MRW) at 300Watt output power for 3 min. as
described by Sengev, et al. (2013). At last, dried leaves
were milled and packed into tight polyethylene paper
until further using and analysis were carried out.

Pan bread formulas:

The flour mixtures used to produce pan bread
samples were prepared according to the ratios as
follows:

Control A: 100g wheat flour only.

Sample B:95g wheat flour + 5g Moringa leaves powder.

Sample C:90g wheat flour + 10g Moringa leaves
powder.

Sample D:85g wheat flour + 15g Moringa leaves
powder.

Sample E:80g wheat flour + 20g Moringa leaves
powder.
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Baking process of pan bread:

Pan bread baking using straight method were
carried out as described by Lazaridou et al., (2007).
Bread dough were baked at 240°C for 20-25 min. in an
electric oven (Mondial Formi, 4T 40/60, Italy). The
resulted pan bread samples were allowed to cool at
room temperature for 2 hours before being packed in
polyethylene bags and stored at room temperature for
further examinations.

Chemical composition of raw materials and
processed pan bread samples:
Moisture, fat, ash and crude fiber were

determined using AOAC (2005) method. Crude protein
content was determined using micro-kjelahel method as
described by AOAC (2000). While, carbohydrate
content was calculated by subtraction according to the
following equation:

Carbohydrate % = (100 - Moisture% +ash% +fat%
+crude protein% +crude fiber%).

Minerals content:

Minerals content of raw materials and treated pan
bread samples were determined. Magnesium, Calcium,
Cupper, Zinc and Iron were determined according to the
method described by Hesse (1971) and Cottenie et al.
(1982) using Perkin Elmer, Atomic Absorption Specol
model 3300. Whereas, Phosphorous was
calorimetrically determined as described by Page
(1982).

Rheological measurements dough:

Rheological measurements were carried out for
flour mixtures using farinograph and extensograph tests
as described by Borune (2003) and AACC (2000).
Sensory evaluation of processed pan bread:

Sensory evaluation of pan bread samples were
performed by 15 of staff members as described by
AACC (2005) for smoothness, crust color, crumb color,
taste and overall acceptability.

Baking loss % and texture profile analysis (TPA) of
pan bread samples:

Baking loss % (wl) was calculated according to
AACC (2000) using the following equation: [wl = (wi-
wf) + wi x 100] : wi = weight of pan bread before
baking, wf =weight of pan bread after baking.
Meanwhile, pan bread texture profile analysis was
performed using a universal testing machine
(Cometech , B type ,Taiwan), the data were analyzed to
measure pan bread firmness, cohesiveness, gumminess,
chewiness, springiness and resilience as described by
Gomez et al. (2007).

Staling rate of processed pan bread:

Staling rate of processed pan bread was
determined after baking with one hour and after 2, 4 and
6 days of storage at room temperature (25+2°C) by
alkaline water retention capacity (AWRC%) (AACC,
2000).

Microstructure of pan bread samples:

Pan bread samples prepared with Moringa
oliferia leaves powder and control sample were
observed in JEOL (JSM 6510LV) scanning electron
microscope (Tokyo-Japan) with a 25 - KV acceleration
voltage. The bread samples were sputtered with gold
before examination, micrographs at 1000 magnification
were presented.

Statistical analysis:

Data were analyzed using analysis of variance
(one way ANOVA), while comparisons were done by
Duncan's test at P<0.05 level of significance using
SPSS (2008) version 17 program for windows.

RESULTS AND DISCUSSION

Chemical composition and minerals content of
Moringa leaves powder and wheat flour:

Moringa leaves powder and wheat flour were
chemically analyzed, obtained results were summarized
in Table (1). Tabulated results revealed that Moringa
oleifera leaves could be considered as a good source of
protein, ash and crude fiber compared with these
compounds in wheat flour, where they recorded 26.28,
6.36 and 18.20%, respectively. Generally, it could be
stated that Moringa leaves powder was rich in plant
protein, crude fiber and ash contents, thus some
minerals were determined.

Results of some essential minerals including
Calcium (Ca), Phosphorus (P), Magnesium (Mg), Zinc
(Zn), Iron (Fe) and Copper (Cu) were observed in the
same table. Calcium and Magnesium of Moringa leaves
powder recorded the highest values being 489.20 and
342 mg/100g, respectively, followed by Phosphorus
recorded 211.60 mg/100g. Tabulated results showed
that Copper and Zinc were the most deficient minerals
in Moringa leaves powder but it showed a good source
of Iron being 40.51 mg/100g. The high content of
Magnesium in Moringa leaves powder could be
attributed to the high content of chlorophyll pigments
which was considered a tetrapyrrole compound rich in
Mg. These previous results were in agreement with
those of Barminas, et al. (1998) and Aslam, et al.
(2005). Some differences observed may be attributed to
plant variety, soil structure, environmental conditions
and agricultural treatments of Moringa farming.

Table (1): Approximate Chemical composition and minerals content of Moringa leaves powder and wheat

flour:

© AN Minerals content (mg/100g)

= 2 5
Components o 'z = 2

2 e S < § S = o B
Raw gs <= = 2 85 &% ca P Mg ZzZn  Fe  Cu
. o o

materials = 3 3 5

O 8
Moringa leaves powder 6.50 6.36 26.28 40.16 18.20 250 489.0 211.6 342 9.30 40.51 7.80
Wheat flour (72%) 12.50 1.08 11.50 70.92 2.50 1.50 3.84 8.20 22 0.23 2.54 0.74
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Effect of Moringa leaves powder addition on
chemical composition and minerals content of
processed pan bread:

Effect of addition Moringa leaves powder on
proximate chemical composition of processed pan bread
samples was studied and the results are presented in
Table (2). It could be easily observed that crude protein,
crude fat and ash contents were gradually increased with

increasing of Moringa leaves powder ratios. Whereas,
moisture and carbohydrates contents were gradually
decreased. The moisture content of any foods is usually
considered as an indicator of food quality and shelf life.
It is important to measure the moisture content of
bakery products because of its potential effect on the
sensory, physical, and microbial properties of such
products.

Table (2):Proximate chemical composition and minerals content of processed pan bread using Moringa

leaves powder.

c D Minerals content (mg/100g)
Components g i} %
[«5) o <3 X
= sg 2 % 38
Pan bread 3 = w < 8 P Ca Mg Fe
> jus
samples o 8
Control (A) 11.78  12.75 1.96 1.98 71.53 8.58 12.85 25.50 4.54
+5% (B) 1050 17.72 2.08 3.52 66.18 90.14 189.50 86.98 10.51
+10% (C) 10.03  19.32 2.08 3.65 64.92 115.32 205.60 102.56 12.56
+15% (D) 9.89 20.56 3.25 4.96 61.34 140.87 345.30 122.36 15.96
+20% (E) 9.44 21.85 3.75 521 59.75 165.69 365.20 140.32 17.32
29-38
Recommended nutrient intakes mg/day (FAO, 2001) 1250 1300 230-250 ggaé%)
(female)

The obtained data showed that moisture content
were gradually decreased from 11.78% in control bread
sample to 9.44 % in E sample, low moisture content in
Moringa leaves powder used in the bread blends might
have effective implications in  texture and
microbiological quality of bread processed. Olaitan et
al. (2014) reported similar values for wheat, plantain
and soybean composite bread.

Conversely, there was an increase in protein
content with increasing level of addition of Moringa
leaves powder in all pan bread samples from 12.75% in
100% wheat flour to 17.72, 19.32, 20.56 and 21.85% in
pan bread with B, C, D and E samples, respectively.
Using of Moringa leaves powder raised crude protein
content about two times compared with control bread
sample. This could be due to addition effect caused by
the high protein content of Moringa leaves powder.

Also, in the same table there was a decrease in
carbohydrate content, which ranged from 59.34% to
66.18% as the percentage of Moringa leaves powder
addition increased. Whereas ash content was high in all
processed pan bread compared with that of control
sample. Conversely there was an observed increase of
fat content in all processed bread samples with Moringa
compared with control sample. In general, increasing
amount of Moringa leaves powder to pan bread raised
the amount of total protein and ash in all pan bread as
compared with control sample.

Data in Table (2) represented that minerals
content (P, Ca, Mg and Fe) of different processed pan
bread samples with addition of Moringa leaves powder
resulted in the high content of minerals. Also, it could
be observed that all processed bread samples were
superior in Phosphorus, Calcium, Iron and Magnesium

compared with control sample. These results are in
agreement with those of Gernah and Sengev (2011) and
Barminas, et al. (1998), who found that the content of
Iron, Calcium and Magnesium recorded 26.20, 454 and
450.60 mg/100 g, respectively.

From nutritional view, processed pan bread
samples contained higher content of studied minerals.
For example, pan bead sample E contained P, Ca, Mg
and Fe contents 19.31, 28.42, 5.50 and 3.82 times than
those in control bread sample. Concerning of
recommendations of FAO (2001), eating about 100
gram of this pan bread sample (E) will cover 13.26,
28.09, 58.47, 50.94 and 27.06% of recommended
nutrient intakes for adolescents, 10-18 years, from P,
Ca, Mg, Fe (male) and Fe (female) (at 5% Fe
bioavailability), respectively. So, it is important to
design anther study to explore these minerals
bioavailability.

Rheological measurements:
Effect of Moringa leaves powder addition on
farinograph parameters of processed pan bread:

Dough rheological properties are important for
their effect in bread quality due to their significant
effect on final loaf volume. The rheological behavior of
the dough prepared with the addition of Moringa leaves
powder and wheat flour were determined by farinograph
and the results are presented in Table (3) and Figure (1)
showing water absorption, arrival time, dough
development time and dough stability.

Strong flour should have higher water absorption
value than weak flour to help producing good bread
properties which remain soft as long as possible.
Obtained results revealed that water absorption %
decreased in all pan bread treatments compared with
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control sample (63.57% in control and around 60% in
all treatments). The lowering of water absorption
capacity may be attributed to the changes occurred in
protein during Moringa leaves drying. Rakszegi, et al.,
(2014) reported that water absorption percentages was
influenced by soluble protein and damaged starch
content. Whereas, arrival time (min.) characterizes
farinograph mixing properties of flour mixtures. The
lowest arrival time was in control sample recorded 0.5
min. and Moringa leaves powder addition helped to
raise this value.

Dough development time is defined as the time
(min.) to be need to mix flour and water to form dough
with suitable consistency. Dough development time
sharply decreased in treated pan bread samples,
especially in C, D and E samples with increasing of
Moringa leaves ratios (1.5 min.). This note may be
explained that the higher protein content in these
treatment helped forming gluten net and reached faster
to suitable consistency. Dough strength and its
resistance for mechanical action is measured using
dough stability (min.). Dough stability of all treatments
was around five min., where it was 6.0 and 5.0 min. in

samples A and B, respectively. However, it could be
stated that addition of Moringa leaves powder caused
changes in the previous rheological properties. These
results are compatible with those of EI-Sisy and El-
Afifi, (2015) who reported that rheological properties of
the same type of wheat recorded 57.0, 1.0, 4.0 and 2.50
for water absorption (%), arrival time (min.), dough
stability (min.) and development time (min.),
respectively

Table (3): Farinograph parameters of different
processed pan bread samples.
parameters

Water Arrival Dough  Dough
absorption time developmentstability

Pan-bread % (min.) time (min.) (min.)
samples

Control (A) 63.57 0.5 5.0 6.0
+ 5% (B) 59.70 25 55 5.0
+10% (C) 59.80 1.0 15 5.0
+15% (D) 60.00 1.0 15 5.5
+20% (E) 60.43 1.0 1.5 5.5

Figure (1): Farinograph parameters of different processed pan bread samples.

Effect of Moringa leaves powder addition on
extensograph parameters of processed pan bread:

Extensograph analysis gives information about
the viscoelastic behavior of a dough and measures
dough extensibility and resistance to extension. A
combination of good resistance and good extensibility
results in desirable dough properties (Rosell and Rajas,
2001 and Zalatica et al., 2012). The obtained results are
showed in Table (4) and Figure (2).

Table (4): Extensograph parameters of different
processed pan bread samples.

parameters

Elasticity ... Proportional  Dough

(B.U) Exéer(ﬁ:m;lty number energy

Pan bread EC (ECIE) (Cmd)
samples
Control (A) 320 175 1.83 44.60
+5% (B) 120 160 0.75 25.0
+10% (C) 170 115 1.48 30.0
+15% (D) 280 105 2.67 33.0
+20% (E) 290 100 2.90 35.0

Figure (2): Extensograph parameters of different processed pan bread samples

Tabulated results indicated that control pan bread
sample had the highest value of elasticity (320 B.U.),
while sample B (+ 5%) had the least value (120 B.U.).
Elasticity value gradually increased with increasing of
Moringa leaves powder ratios (E>D>C>B). As for
extensibility value (mm), it dramatically decreased with
increasing of addition ratios, where it recorded 175 mm
in sample A and 100 mm in sampled E. Consequently,
proportional number which calculated from elasticity

and extensibility values, recorded different values. The
highest value was 2.90 in sample E, while the least
value was 0.75 in sample B. Finally, dough energy
(Cm?) is the work input needed to refer to the bread
crumb volume. Sample A had the highest value being
44.60 (Cm®), meanwhile sample B had the least value
recorded 25.0 (Cm®). The same manner observed in
elasticity was in dough energy. These results are in
accordance with those of EI-Karamany (2015).
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Sensory evaluation of different processed pan bread:

Sensory evaluation of pan bread samples as
affected by different ratios of Moringa leaves powder
was presented in Table (5) and Figure (3). Tabulated
data revealed that all sensory attributes of bread samples
were decreased by increasing of Moringa leaves powder
ratios. For example, there were significant differences at

P<0.05 between control sample and +5%, +10%, +15%
and +20% samples in descending order in all sensory
properties. Taste scores of bread samples ranged from
6.29 to 9.33 in +20% and control samples, respectively.
The same manner was seen in odor, smoothness, crust
color and crumb color (6.30-9.33, 6.17-9.30, 6.00-9.37
and 5.90-9.37, respectively).

Table (5): Sensory evaluation of pan bread samples as affected by addition of Moringa leaves powder.

Property Taste Odor Smoothness Crust color ~ Crumb color accoe\;;tea:g::i ty Total score
Treatments (10) (10) (10) (10) (10) (50) (50)
Control (A) 0.33+0.08°  9.33+0.08°  9.30+0.07%  9.37+0.08°  9.37+0.08°  48.07+0.18%  46.700.30°
+5% (B) 9.00+0.08°  8.80+0.13°  8.77+0.08°  8.80+0.07°  8.77+0.08°  45.73+0.30°  44.13+0.40°
+10% (C) 8.2340.09°  8.07+0.09°  8.10+0.09°  8.03+0.12°  7.97+0.11°  43.20+0.62°  40.41+0.41°
+15% (D) 7.39£0.10°  7.29+0.08"  7.29+#0.08"  7.31+0.08°  7.25+0.09"  39.47+0.65°  36.53+0.38¢
+20% (E) 6.29+0.09°  6.3020.11°  6.17#0.11°  6.00£0.10°  5.90+0.11°  33.80+0.65°  30.65x0.38°
F value 188.91 140.06 213.01 210.49 200.43 116.96 267.33

Mean values + standard error (n=15). Means of samples having the same letter(s) within a column are not significantly different

(P<0.05).

It could be noticed that there was reverse
relationship between Moringa leaves powder ratio and
overall acceptability, total score of studied brad
samples. The highest value of overall acceptability and
total score were 48.07 and 46.7, respectively. The least
values observed in + 20% bread sample was more than
50% of total score (67.6%, 61.3%, respectively). Figure
(3) showed general appearance of pan bread samples as

affected by adding different ratios of Moringa leaves
powder. The decreased sensory attributes of bread
samples with Moringa leaves powder may be due to the
color and odor of the dried green leaves. These previous
results were in good agreement with those obtained by
Sengev, et al. (2013).

Figure 3. General appearance of pan bread samples as affected by adding different ratios of Moringa leaves

powder.

Baking loss % and texture profile of processed pan
bread samples:

Some physical characteristics namely, baking
loss% and pan bread texture profile analysis (TPA)
including  firmness,  cohesiveness,  gumminess,
chewiness, springiness and resilience were determined
and the results are tabulated in Table (6).

Tabulated results indicate that processed pan
bread samples using Moringa leaves powder had lower
baking loss % than those of control bread, (3.5% and
5.5%, respectively).

Results in Table (6) show the effect of Moringa
leaves powder addition on texture profile of different
pan bread samples. Springiness is ability of dough to
recover its original form after the deforming force
removal. While, cohesiveness is the extent which the
dough can be deformed before rupture. Gumminess
represents the required force to disintegrate a semisolid
sample to a steady state of swallowing. Chewiness is the
needed work to chew a sample to be a steady state of
swallowing. Finally, resilience shows how well a
sample resists to regain its original position.
Cohesiveness, springiness and resilience  were

calculated from texture profile graphic. Springiness and
resilience, give information about the after stress
recovery capacity (Borune, 2003). Results showed
observed decreases in texture profile properties namely
gumminess, chewiness, springiness and resilience
values in all pan bread samples compared with those of
control sample. Data revealed that there was an
observed changes in firmness in all processed with
added Moringa leaves powder from 5 to 20 % in
compare with control pan bread. Also, results of
cohesiveness were seemed to equal in processed pan
bread samples (B and C) and control, while the other
samples (D, E) being (0.41). Addition of Moringa
leaves powder with different ratios to pan bread raised
the amount of gumminess.

Also, in the same table it could be observed that,
there was a decreasing in both of springiness and
resilience with increasing Moringa leaves powder ratios
in pan bread samples. These results are nearly in
accordance with those found by Shiriki et al. (2015),
who stated that addition of Moringa oleifera leaves to
cookies at the ratio of 15 % resulted in reduction and
lowering some quality attributes.
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Table (6): Texture profile of different processed pan
bread as affected by addition of powdered
Moringa leaves.
Processed pan bread samples
Control (B)+ (C) (D) (E)
(A 5% +10% +15% +20%
Baking loss % 55 5.0 4.8 3.5 3.5
Pan bread texture profile:

Firmness 5.66 3,57 354 4.45 4.32
Cohesiveness 0.56 056 0.1 0.41 0.41
Gumminess 105 142 199 180 178
(gram-force)

Chewiness 13 095 095 071 071
(gram-force)

Springiness 0.64 0.68 0.54 0.41 0.41
Resilience 0.31 0.31 0.23 0.14 0.12

Staling rate of processed pan bread samples:

Staling is a physical phenomenon, concerns with
the changes that occur in bread after baking. Alkaline
water retention capacity (AWRC) is simplest test follow
the stalling in bakery products, increases in AWRC are
resulted from the freshness of baked products (Gray and
Bemiller, 2003). Generally there were gradual increases
in all processed pan bread freshness up to 4 days of
storage in compare with control bread sample (Table 7).
The best values of freshness recorded for processed pan
bread in sample E, followed by sample D and B being
265.50, 250.20 and 230.33, respectively. All processed

20KV WD12mim . §S41

+ 5%)

20kv  WD11mm  SS41..

S 20kv WB12mm  SS41 x1,000 10um J

\

Figure (4): The microstructure of processéd pan bread as affected by adding Monga leaves
powder (Control, + 5%, + 10%, + 15% and + 20%).

The granules structure of + 5% pan bread showed
variations in shape, size and distribution. Small and
large starch granules entrapped in protein matrix can
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powder were more freshness than those of the control
sample prolonged storage. No differences were
observed among all processed pan bread up to 4 days,
while there was an observed decrease in staling rate
values at 6 days of storage in all pan bread samples.

Table (7): Staling rate of different processed pan

bread.

Pan bread Storage time/days

samples zero time 2 4 6
Control (C)  194.27 174.56 153.44 142.84
+5% (A) 206.11 198.71 205.32 167.11
+10% (B) 258.25 234.52 230.33 198.47
+15% (D)  298.32 257.36 250.20 202.56
+20% (E) 298.33 250.50 265.50 200.36

Microstructure of different processed pan bread
samples:

The microstructure using electronic
microscope (1000 X) of processed pan bread treatments
is presented in Figure (4). The studied treatments
included control pan bread, 5, 10, 15 and 20% Moringa
leaves powder. The scale bar for all micrographs is the
same (1000 X). As control micrograph, starch granules
surface appeared to be uniform, were nearly similar in
size and shape, no cavities were observed. Also, protein
matrix were compacted tightly with starch matrix, all
granules were regularly distributed and no more clusters
were observed.

trol
_—

13 Jul 2016

L
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also be seen. This sample has less cavities, inner surface
of starch granules were smooth, spherical and round.
Less bubbles were observed, protein matrix were
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completely cover the starch granules. No more clusters
were appeared in the starch granules in compare with
the other photos (Figure 4 - Control). In case of + 10%
micrograph, bread also have less cavities, inner surface
of starch granules nearly spherical, granules were nearly
varying in size but the surface being smooth, little
clusters were observed, starch granules appeared to be
compact with protein matrix.

In 15% and 20% micrographs, starch granules
were appeared to be more damaged in compared with
those of other treatments and also granules gradually
separated from protein matrix in Figure (4 - +15%),
some damaged zone were observed. Clear disruption in
the structure were appeared and clear cavities were
observed. Starch granules have a sheet shape, granules
also were swollen and wrapped. Some granules has a
small amount of pitting and also other granules were
fully damagedThese obtained results were almost in
accordance with those given by Dachana et al. (2010),
who stated that addition of Moringa leave powder for
cookies have a positive effect in restricted starch
granules and reduction viscosity and wrapped wheat
dough and effect on protein matrix at the concentration
of 15 and 20%. Also, Hathorn et al. (2008) reported that
all processed bread samples were prepared with sweet
potato flour, which the ratio of 15 and 20 % had
damaged granules, cavities, and protein network were
observed on the micrographs.

CONCLUSION

Finally, it could be concluded that it is possible
to produce herbal bakery products such as pan bread
using Moringa leaves powder with ratios of 5 and 10%.
The results also indicated that there was reverse
relationship between Moringa leaves powder ratio and
all sensory attributes value, thus it is recommended to
add some improvers or flavor enhancers to raise these
quality attributes. Moringa leaves powder is considered
as a rich source of Ca, Mg and Fe, could be used to
fortify many bakery products, but there is a need to
carry out more studies to evaluate these minerals
bioavailability
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