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Abstract

The present study was aimed to produce an acceptable pan bread using moringa (Moringa Oleifera) leaves and seeds powder
(MLP, MSP) and mix of both (MLP + MSP) with replacing of levels (2.5, 5.0 and 7.5%), (5.0, 10.0 and 15.0%) and (2.5 + 2.5, 2.5 + 5.0
and 5.0 + 5.0 %), respectively from the wheat flour (72%). The effects of these replacement levels on the chemical composition,
rheological prop-erties of dough, physical, staling and sensory characteristics of pan bread were studied. The obtained results
indicated that MLP con-tained higher amounts of protein, crude fibers, ash, minerals and dietary fibers, while MSP was
characterized by higher lipids, dietary fibers, protein and minerals contents. Also, M LP and MSP were found to possess higher
amounts of amino acids. The results also showed an increase in all nutrients in the produced pan bread, including protein, lipids,
dietary fibers, ash, amino acids and minerals contents. While carbohydrates content decreased compared with control sample.
Rheological properties showed that increasing the substitution ratio of MLP, MSP and a mix of MLP + MSP increased the
farinograph water absorption and degree of softening. Mean-while, dough stability, resistance to extension and dough energy
gradually decreased. As physical properties, MLP, MSP and a mix of (MLP + MSP) supplementation also caused a gradual increase
in weight of bread loaf. While pan bread loaf and specific volume were gradually decreased by increasing amount of substitution
in compared to control sample. The staling rate results showed gradual increments in the freshness of all processed pan bread up
to 4 days of storage compared to the control sample. In conclusion, it could be producing pan bread with acceptable quality using
MLP, MSP and mix of (MLP + MSP) with ratios of (5.0%) MLP, (10.0%) MSP and (2.5 + 5.0%) mix of (MLP + MSP) to take

advantage of the active compounds found in both of them and enhance health benefits.
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Introduction Moringa Oleifera is well known as ‘the miracle tree’ for its nu-

A large number of people suffer from poverty and poor health tritional benefits that reflect the presence of vitamin C seven times

due to inadequate food supply. This leads to a higher index of mal- ~ More than in oranges, vitamin A ten times more than carrots, sev-

nutrition and consequent diseases. Therefore, the cultivation of enteen times more calcium than milk, nine times more protein

medicinal plants, which have greatest potential for benefitting hu- than yoghurt, twenty-five times more iron than spinach and fifteen

man’s health and availability to a wide extent of population will times more potassium than bananas [19]. Its also characterized by

help to overcome the malnutrition problem [22]. its abundance of bioactive compounds represented in all parts of
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the plant, including phenolics, carotenoids, phytosterols, terpe-
noids, tocopherols, flavonoids and alkaloids that contribute to its
wide range of functional properties as an antioxidant, anti-inflam-
matory, antimicrobial and antidiabetic agent [10]. Moringa leaves
powder is supposed to be a good source of nutrition, which con-
taining 143 bioactive compounds, involving B-carotene, flavonoids
(myrecytin, quercetin and kaempferol), saponins, phenolics, tan-
nins, vitamins (A, B and C), calcium, iron, potassium, magnesium
and a balance of all essential amino acids [6,15]. Moringa leaves
can be cooked and eaten like spinach. Moreover, the dried powder
from the leaves is added to soups and sprinkled over other food to
increase their nutritional value. It is used as a dietary supplement
or mixed with cold or hot drinks like in tea [3]. Moringa seeds pow-
der contains a full punch of fatty acids, phenolics (especially gallic
acid), fibers, vitamins, flavonoids, glycosides, proteins, minerals
and amino acids [13,24]. Moringa seeds can be boiled like peas,
fried and eaten like peanuts or the oil can be refined and consumed
as edible oil [29]. It is not only rich in nutritional content but also
has some medicinal properties. It is important to treat various
diseases such as cardiovascular disease, Crohn’s disease, anemia,
arthritis, gout, allergies, cramps, epilepsy and sexually transmitted

diseases [2].

Bakery products are important sources of nutrients, such as
energy, protein, iron, calcium and several vitamins. Most bakery
products can be fortified to meet the needs of the object groups
and vulnerable parts of the population who are undernourished.
Bread is a common example of a bakery product that is a high-
energy food rich in carbohydrates and fat; therefore, bread can
easily qualify as a functional food [35]. [26] indicated that substi-
tuting wheat flour with 10% MSP in pan bread increased the pro-
tein, iron, and calcium content, while decreasing the loaf volume
and specific loaf volume without changing the sensory properties.
Also, [14] reported that it was possible to produce acceptable pan
bread with 10% MLP, which increased the protein, ash, Mg, Ca and
Fe content. As for the rheological properties of dough, the results
revealed that an increased amount of MLP, decreased the extensi-
blity, water absorption, dough stability, dough development time
and dough energy.
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So, the aim of the current study was to measure the effects of
moringa leaves and seeds powder on the rheological, physical-

chemical and sensory properties of pan bread.

Materials and Methods
Materials

Moringa (Moringa Oleifera) leaves powder (MLP) and moringa
seeds were obtained from National Research Centre (NRC), Dokki,

Giza, Egypt.

Strong wheat flour (72% extraction rate), instant active dry
yeast, shortening, sugar, skin milk powder, salt and corn oil materi-
als were obtained from local market (Fathalla Hypermarket), El-

Mansoura city, El-Dakahlia Governorate, Egypt.

All chemicals used in this study for analysis were of analytical
grade and were obtained from Al Gomhouria Company, EI-Mansou-

ra city, EI-Dakahlia Governorate, Egypt.

Methods
Technical methods
Preparation of moringa seeds powder

Matured moringa seeds were manually removed from the seed
kernels and dried using an air circulation dryer (GARBUIO - Trevi-
so) at 50°C for 19 hr at the Food Industries Department, Faculty of
Agriculture, Mansoura University. The dried seeds were ground us-
ing a clean Marlex blender. The moringa seeds powder was sieved
using a sieve of 50 mesh size to obtain a fine powder and stored in

polyethylene bags until use, as mentioned by [7].

Preparation of flour blends
Different flour blends were prepared by partially substituting
wheat flour (72% ext.) with moringa leaves and seeds powder and

a mix of (MLP + MSP) according to the ratios as follows
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Treatments Substitution levels % Wheat flour (72% ext.) %
Control sample 0 100
2.5 97.5
MLP 5.0 95
7.5 92.5
5.0 95
MSP 10.0 90
15.0 85
(2.5+2.5) 95
Mixed of MLP + MSP (2.5+5.0) 92.5
(5.0 +5.0) 90

Table 1: Formulation of pan bread supplemented with MLP, MSP and mix of (MLP + MSP).

MLP: Moringa Oleifera leaves powder; MSP: Moringa Oleifera seeds powder

Preparation of Pan bread

Pan bread samples were prepared from flour blends, as men-
tioned in Table (1) beside the control sample, according to [1] with
slight modifications at Food Tech. Res. Institute, Agric. Res. Cen-
ter, El-Giza, Egypt. The pan bread formula was 100 g wheat flour,
4 g Fat, 4 g sugar, 1.5 g salt, 2 g active dry yeast and 2 g skim milk
powder were weighed accurately. Pan bread making involved mix-
ing all the ingredients with water, which was added according to
the farinograph water absorption. The resulted dough were let to
rest for 20 min at 30 + 2°C (first proofing), and then the dough
was divided into three pieces, 500 g for each piece, hand loaded,
and placed into metal pans for final proofing at 30 + 2°C and 80-
85% relative humidity in a fermentation cabinet for 60 min. Then,
dough was baked in an electrically heated oven (with steam added
during baking) at 210- 220°C for 15- 20 min. After baking, the ob-
tained loaves were cooled at room temperature and packed in air-

tight polythene bags until use.

Analytical methods
Chemical analysis
Moisture, ash, crude fibers, lipids and nitrogen contents were

determined according to the method described in [4].

Total carbohydrates were calculated by difference from the sum

of the protein, fat, ash and crude fibers content.

Amino acids were determined according to [4] using the amino
acid analyzer Eppendorf LC3000, Germany. EZ Chrom at Food Tech.
Res. Institute, Agric. Res. Center, El-Giza, Egypt. While amino acid
scores were calculated according to FAO/ WHO Ref.

Mineral samples were prepared according to [9]. The total
quantities of iron, zinc, magnesium, sodium, calcium and potas-
sium were determined by atomic absorption spectrophotometry
using Sens AA "GBC scientific equipment” model "Sens AA Dual”
made in Dandenong, Victoria, Australia. Whereas phosphorus was
determined by spectrophotometer according to the method of [5]
at the Micro-Analysis unit, Faculty of Science, Mansoura University,

El-Dakahlia Governorate, Egypt.

Total dietary fibers were measured according to [4]. Soluble and
insoluble dietary fibers were determined according to [27] at the

Food Tech. Res. Institute, Agric. Res. Center, El-Giza, Egypt.

Rheological Characteristic
Farinograph test

Farinograph instrument (Brabender Duis Bur G, type
810105001 No. 941026 made in West Germany) according to [1]

at the Food Tech. Res. Institute, Agric. Res. Center, El-Giza, Egypt.
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Extensograph test

The extensograph test was carried out according to the method
described in the [1] using the Extensograph (Barabender Duis Bur
G type 860001 No. 946003 made in West Germany) at the Food
Tech. Res. Institute, Agric. Res. Center, El- Giza, Egypt.

Physical properties

The weights of pan bread loaves were determined after cooling
for one hour. Bread loaf volume was measured by the rape seeds
displacement method at Food Tech. Res. Institute, Agric. Res. Cen-
ter, El-Giza, Egypt. Specific volume of bread was calculated by di-
viding the volume of the loaves (cm?®) by their weights (g) [1].

Determination of pan bread staling

The staling rates of the pan bread samples were determined by
the alkaline water retention capacity method described by [21] at
the Food Tech. Res. Institute, Agric. Res. Center, El-Giza, Egypt.

Sensory evaluation

Pan bread was left to cool at room temperature for an hour
after baking, then cut with a sharp knife and subjected to seven
panelists from the Food Science Dept., Faculty of Agric., Mansoura
University. Organoleptic evaluation of crust color, crumb color, tex-
ture, taste, flavor, general appearance and overall acceptability was
determined by the method as described by [16].

Statistical analysis

The obtained data were statistically analyzed using the produc-
er of the SAS software system program [31]. Analysis of variance
was conducted using General Liner Model (GLM) procedure [32].
Means were separated using Duncan’s test at a degree of signifi-
cance (P<0.05).

Results and Discussion
Proximate chemical composition of raw materials

Proximate chemical compositions of wheat flour (72% ext.),
Moringa Oleifera leaves powder (MLP) and Moringa Oleifera seeds
powder (MSP) are presented in Table (2). The obtained results
detected that, MSP had the highest crude protein and lipids fol-
lowed by MLP than wheat flour (72% ext.). Meanwhile, the highest

values of ash and crude fibers were recorded for MLP(6.52%) and
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(17.86%), respectively followed by MSP(4.97%) and (5.26%), re-
spectively. These results are in agreement with those of [18], who
found that MSP contains higher percentage of lipids content than
MLP.

Also, results presented in the above mentioned Table, it could
be observed that, MLP and MSP have higher contents of K, Ca com-
pared with those of wheat flour. Also, MLP and MSP contain higher
amounts of micro-elements (Fe and Zn) than wheat flour, which in
MLP were (28.76 and 1.98 mg/100g), while in MSP were (13.73
and 2.62 mg/100g), respectively. These results are in accordance
with those obtained by [20], they mentioned that the minerals con-
tents of MLP were 1652.18, 464.10, 712.99 and 20.65 (mg/100g)
for K, Mg, P and Fe, respectively.

Concerning the dietary fibers content presented in the same
Table (2), the highest values of total, soluble and insoluble dietary
fibers were recorded for MLP (39.48, 5.92 and 33.56 g/ 100 g dry
weight basis) and MSP (24.35, 7.88 and 16.47 g/ 100 g dry weight
basis), respectively. Alternatively, wheat flour (72% ext.) showed
the lowest dietary fibers content (4.52g/ 100 g dry weight basis).
These results are in accordance with those obtained by [23], who
found that the total dietary fibers, soluble dietary fibers and in-
soluble dietary fibers of MLP were (39.9, 5.0 and 34.9 g/100 g),

respectively.

Amino acids composition of raw materials

Amino acid contents of raw materials are presented in Table
(3), the amounts of total essential amino acids of MLP and MSP
were relatively high, which were recorded (48.54 and 34.96 g /
100 g protein), respectively compared to wheat flour (72% ext.)
(34.28g / 100 g protein). Also, MLP and MSP had higher contents
of leucine, isoleucine and lysine than those in wheat flour (72%
ext.). Also, valine, threonine and phenylalanine were also higher in
MLP compared to the others raw materials. On the other hand, the
amount of total non-essential amino acids of MSP was higher than
those of MLP and wheat flour. Also, glutamic acid, proline and argi-
nine were higher in MSP compared to wheat flour (72% ext.). Simi-
larly, the highest percentage of total amino acids content for MSP
and MLP being (98.08 and 95.27 g/100g protein), respectively as
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Wheat flour (72% extraction) MLP MSP
Chemical composition (%)

Moisture 12.60 7.86 4.30

Crude protein 12.25 27.60 31.90

Lipids 0.70 2.58 28.69

Ash 0.63 6.52 4.97

Crude fibers 0.64 17.86 5.26

Total carbohydrates 85.78 45.44 29.18

Minerals content (mg/100g dry weight basis)

Potassium(K) 153.65 1341.29 3831.37
Calcium (Ca) 11.15 809.32 164.17
Magnesium (Mg) 35.2 146.96 561.57
Sodium (Na) 42.15 271.89 594.25
Phosphorus (P) 98.24 208.27 428.65

Iron (Fe) 0.95 28.76 13.73

Zinc (Zn) 0.48 1.98 2.62

Dietary fibers (g/100g dry weight basis)

Total dietary fibers (TDF) 4.52 39.48 24.35

Soluble dietary fibers (SDF) 1.57 5.92 7.88

Insoluble dietary fibers (IDF) 2.95 33.56 16.47

Table 2: Proximate chemical composition of raw materials.

MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.

compared to wheat flour (91.27 g/100g protein). These results are
in agreement with [30] they found that MLP has a well-balanced
nutritional profile of essential amino acids, specifically; MLP is rich
in lysine, which is considered the first limiting essential amino acid

in cereals.

Chemical composition of pan bread samples

The proximate chemical composition of pan bread samples pro-
duced by using 100% wheat flour (72% ext.) as a control sample
and the other pan bread samples are presented in Table (4). Data
indicated that, pan bread prepared from wheat flour substituted
by increasing levels of MLP, MSP and mix of (MLP + MSP) resulted
in parallel increases of moisture and crude protein in all produced
pan bread, which reached (36.75 and 15.67 %) for 7.5 % MLP,
(37.05and 17.28 %) for 15 % MSP and (38.42 and 16.21 %) for 5.0
+ 5.0 mix of (MLP + MSP), respectively compared with the control

sample (31.42 and 14.70 %), respectively. This behavior is due to
the fact that MLP and MSP are rich in fibers content, which increas-

es their water absorption and water-holding capacity (Table 2).

Also, lipids, ash and crude fibers contents were increased, which
amounted (2.79, 2.26 and 2.63 %) for 7.5 % MLP, (6.85, 2.47 and
2.03 %) for 15 % MSP and (4.18, 2.33 and 2.69%) for 5.0 + 5.0%
mix of (MLP + MSP), respectively compared with control sample
(2.65,1.82 and 1.34 %), respectively. This increase may be ascribed
to the higher protein, lipid, ash, and crude fiber contents in both
MLP and MSP (Table 2). In contrast, total carbohydrates decreased
progressively when the MLP, MSP and MLP + MSP ratios increased
in all pan bread samples. These results are in accordance with those
observed by [14] they found that substitution of pan bread flour by
5.0 % MLP increased the protein and ash content recorded 17.72
and 3.52 %, respectively while carbohydrates content decreased.
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Amino acids Wheat flour (72% extraction) MLP MSP
Essential amino acids
Leucine 6.69 18.90 15.20
Isoleucine 3.35 10.50 8.90
Lysine 2.04 12.80 4.60
Methionine 1.55 5.50 0.77
Cystine 2.04 4.30 1.47
Phenylalanine 5.22 14.50 1.16
Tyrosine 4.41 9.10 0.52
Therionine 2.53 10.00 0.70
Histadine 2.45 5.70 0.66
Valine 4.00 14.30 0.98
Total essential amino acids 34.28 48.54 34.96
Non- essential amino acids
Alanine 3.02 1.61 1.18
Aspartic acid 4.08 2.38 1.09
Glutamic acid 28.33 26.50 38.90
Glycine 3.51 1.09 1.29
Proline 10.29 12.70 15.70
Serine 4.00 0.96 0.83
Arginine 3.76 1.49 4.13
Total non-essential amino acids 56.99 46.73 63.12
Total amino acids 91.27 95.27 98.08

Table 3: Amino acids composition of different raw materials (g/100g protein).

MLP: Moringa Oleifera leaves powder; MSP: Moringa Oleifera seeds powder

Minerals play a crucial role in maintaining a healthy life, serv-
ing important functions such as maintaining water balance, pro-
moting bone health, preventing fatigue and heart function, as well
as for oxygen transport in the body [34]. As shown in Table (4),
the minerals content gradually increased in all pan bread samples
with increasing levels of substitution with MLP where K, Mg, P
and Zn reached to (202.37, 76.38, 72.23 and 0.45 mg/100g) for
7.5% MLP, respectively in compared with control sample (110.02,
70.68,61.20 and 0.32 mg/100g), respectively. Also, the partial sub-

stitution of wheat flour with MSP increased the minerals content.

While K content for 15.0 % MSP was increased by 6 folds (668.23
mg/100g) compared to the control sample (110.02 mg/100g).
Whereas, Ca, Mg, P, Fe and Zn contents for 15.0 % MSP were in-
creased two folds as compared to control sample. [26, 7] they found
that the partial replacement of pan bread flour with 5% MSP re-
sulted in an increase the minerals content such as Ca, K and Zn,
which was recorded (27.17, 272 and 0.33 mg/100g), respectively.

In the meantime, the increasing of substitution levels with MLP

+ MSP was accompanied by a gradual increase in minerals con-
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tent (K, Ca, Mg, Na, P, Fe and Zn) for all pan bread samples, which
reached to (357.65, 65.84, 99.04, 316.57, 86.93, 3.74 and 0.51
mg/100g), for 5.0 + 5.0 % mix of (MLP + MSP) respectively as com-
pared to control sample. However, the pan bread sample with 15%
MSP recorded the highest values of minerals content (K, Mg, Na, P

and Zn) as compared to the control sample and all the other pan
bread samples.

Also, results given in the above mentioned Table (4), it could be
indicated that, the dietary fibers content of all pan bread samples

increased with increasing in the substitution levels of MLP, MSP
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and a mix of (MLP + MSP) which reached to (8.64, 3.28 and 5.36
g/100g) at 7.5 % of MLP, (8.87, 3.32 and 5.55 g/100g) at 15 % of
MSP and (8.72, 3.28 and 5.44 g/100g) at 5.0 + 5.0 % mix of (MLP +
MSP) on dry weight basis , respectively in compared with the con-
trol sample (6.14, 2.43 and 3.71 g/100g on a dry weight basis), for
total, soluble and insoluble fibers respectively. This increase might
be attributed to the higher fibers content in both MLP and MSP
(Table, 2), which can improve the dietary fibers content in wheat
bread. These results are in agreement with the findings of a previ-

ous study [28], who reported that MLP is a good source of dietary
fibers.

Pan bread samples
Substitution levels %
Chemical composition
Control sample MLP % MSP % Mix of (MLP + MSP) %
100 % 25 | 50 | 7.5 | 50 | 10.0 | 15.0 |2.5+2.5 |2.5+5.0/5.0+5.0
Chemical composition (%)

Moisture 31.42 33.35 | 35.22 | 36.75 | 34.59 | 36.12 | 37.05| 32.84 36.35 38.42
Crude protein 14.70 15.02 | 15.34 | 15.67 | 15.56 | 16.42 | 17.28 15.45 15.88 16.21
Lipids 2.65 2.70 2.74 | 2.79 4.06 545 | 6.85 3.40 4.10 4.18

Ash 1.82 1.97 212 | 2.26 2.04 2.25 | 247 2.08 2.19 2.33

Crude fibers 1.34 1.77 2.20 | 2.63 1.57 1.80 | 2.03 1.95 2.00 2.69

Total carbohydrates 79.49 78.54 | 77.60 | 76.65 | 76.77 | 74.08 | 71.37 77.12 75.83 74.59

Minerals content (mg/100g dry weight basis)

Potassium(K) 110.02 140.80 |171.58|202.37| 296.09 |482.16|668.23| 233.65 | 326.87 | 357.65
Calcium (Ca) 21.69 42.38 | 60.72 | 78.25 | 28.81 | 35.94 | 42.62 | 4497 48.51 65.84
Magnesium (Mg) 70.68 72.55 | 7449 | 76.38 | 95.23 |117.69(143.26| 81.36 94.58 99.04
Sodium (Na) 293.88 293.30 [292.78|292.23| 308.92 |323.46|337.89| 300.74 | 307.18 | 316.57
Phosphorus (P) 61.20 64.86 | 68.54 | 72.23 | 79.57 | 98.45 [116.31| 74.06 83.25 86.93

Iron (Fe) 1.79 246 | 3.15 | 3.82 | 239 | 294 | 3.58 2.76 3.07 3.74

Zinc (Zn) 0.32 0.36 0.40 | 0.45 0.43 0.55 | 0.67 0.42 0.48 0.51

Dietary fibers (g/100g dry weight basis)

Total dietary fibers (TDF) 6.14 6.97 7.81 | 8.64 7.05 7.96 | 8.87 7.43 7.88 8.72

Soluble dietary fibers (SDF) 2.43 2.72 3.00 | 3.28 2.73 3.06 | 3.32 2.89 3.12 3.28

Insoluble dietary fibers (IDF) 3.71 4.25 481 | 5.36 4.32 490 | 5.55 4.54 4.76 5.44

Table 4: Proximate chemical composition of pan bread samples (on dry weight basis).

MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.
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Amino acids composition of pan bread samples

Amino acids are essential nutrients required for life. They serve
as the fundamental building blocks of proteins and play a crucial
role in transporting nutrients, building and repairing muscles and
biosynthesis. Additionally, they are important for ensuring food
quality [11]. Amino acids content of pan bread samples is pre-
sented in Table (5), the total amino acids content was gradually
increased by increasing levels of substitution of MSP and mix of
(MLP + MSP), while the addition of MLP recorded a slight decrease

in pan bread samples compared with the control sample.

Among all the essential amino acids contents, leucine, isoleu-
cine and lysine were found to be of the highest values by increasing
the substitution levels up to 7.5 % MLP, 15 % MSP and 5.0 + 5.0 %
mix of (MLP + MSP) in pan bread samples recorded (7.72, 3.94 and
2.72 g/100g protein), (8.06, 4.23 and 3.54 g/100g protein) and
(7.83, 4.03 and 2.58g/100g protein), respectively compared with
control sample (6.80, 3.40 and 1.90 g/100g protein), for the same

amino acids respectively.
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On the other hand, the amounts of non-essential amino acids
analyzed, the proline acid recorded slight differences by increasing
of substitution levels up to 7.5 % MLP, 15.0 %MSP and 5.0 + 5.0
% mix of (MLP + MSP) in pan bread samples compared with con-
trol sample. Also, glutamic acid content noted simple differences
between control sample being (29.70 g/100g protein) and by in-
creasing of substitution levels up to 15.0 %MSP and 5.0 + 5.0 %
mix of (MLP + MSP) in pan bread samples being (30.75 and 30.12
g/100g protein), respectively.

The increase in amino acid content of the produced pan bread
samples was significant due to the higher amino acid content in

moringa leaves and seed powder (Table 3).

Finally, it may be concluded that the addition of moringa leaves
and seeds powder to pan bread flour improves its nutritional
value as amino acids content of wheat bread. These results are ac-

cordance with [17,20] they found that moringa leaves and seeds

Pan bread samples
Substitution levels %
Amino Acids Control sample MLP % MSP % Mix of (MLP+MSP) %
100 % 25 | 50 | 7.5 | 50 |10.0 | 15.0 | 25+2.5 | 2.5+5.0 5.045.0
A) Essential amino acids
Leucine 6.80 7.10 7.41 7.72 | 7.22 | 7.64 | 8.06 7.31 7.52 7.83
Isoleucine 3.40 3.58 376 | 394 | 3.68 | 395 | 4.23 3.72 3.85 4.03
Lysine 1.90 2.17 2.45 2.72 | 2.44 | 3.00 | 3.54 2.24 2.31 2.58
Methionine 2.00 1.98 1.97 195 | 198 | 1.88 | 1.86 1.97 1.86 1.87
Cystine 2.80 2.74 2.68 2,62 | 2.73 | 2.67 | 2.60 2.71 2.67 2.62
Phenylalanine 5.0 491 4.82 473 | 4.81 | 4.62 | 4.43 4.82 4.71 4.63
Tyrosine 3.40 3.34 3.28 3.21 | 3.26 | 3.11 | 297 3.27 3.19 3.13
Therionine 3.00 2.95 2.90 285 | 289 | 2.77 | 2.66 2.89 2.84 2.79
Histadine 2.20 2.16 2.12 2.08 | 2.12 | 2.05 | 1.97 2.12 2.08 2.04
Valine 5.40 5.30 5.21 5.10 | 5.18 | 496 | 4.74 5.19 5.08 4,98
Total essential amino acids 35.90 36.23 | 36.60 | 3692 |36.31|36.65| 37.06 | 36.24 36.11 36.50
B) Non-essential amino acids

Alanine 3.90 3.84 3.79 3.73 | 3.76 | 3.63 | 3.49 3.78 3.71 3.65
Aspartic acid 4.60 4.55 4.49 4.26 | 443 | 4.25 | 4.07 4.46 4.26 4.31
Glutamic acid 29.70 29.62 | 29.54 | 29.46 |30.16|30.49| 30.75 | 29.85 30.08 | 30.12
Glycine 3.80 3.73 3.67 3.60 | 3.68 | 3.55 | 3.42 3.67 3.61 3.54
Proline 11.10 11.14 | 11.18 | 11.22 |11.34|12.08| 12.79 | 11.26 11.37 12.41
Serine 4.70 4.61 4.50 442 | 451 | 429 | 4.12 4.50 4.43 4.32
Arginine 4.00 3.94 3.88 3.81 | 4.00 | 4.01 | 4.02 3.94 3.95 3.88
Total non-essential amino acids 61.80 61.43 | 61.05 | 60.50 |61.88|62.30| 62.66 | 61.46 61.41 | 62.23
Total amino acids 97.70 97.66 | 97.65 | 97.42 |98.19|98.95| 99.72 | 97.70 97.52 | 98.73

Table 5: Amino acids composition of pan bread samples (g/100g protein).
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powder had a well-balanced complement of essential and non-es-
sential amino acids, which were rich in lysine, isoleucine, leucine,

valine, proline and glutamic acid.

Farinograph parameters for dough samples of pan bread:
Table (6) presented farinograph parameters of wheat flour and
flour blends with MLP or MSP. The water absorption was gradually
increased as the level of substitution with MLP, MSP and the mix of
(MLP + MSP) increased, which reached to (66.4, 65.5 and 67.2 %)
for substitution level of 7.5 % MLP, 15.0 % MSP and (5.0 + 5.0%)
mix of (MLP + MSP), respectively in compared to (60.8%) for the
control dough. This increment in dough water absorption is prob-
ably due to the higher protein and fiber contents of MLP, and MSP
than wheat flour as reported by [33] they stated the addition of
fiber sources to wheat flour caused an increase in water absorp-

tion of the produced dough.

Also, from the same Table (6), it could be revealed that the ar-

rival time and dough development time were gradually increased
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with the increasing of replacement levels with MLP, MSP and a mix
of (MLP + MSP) in compared to the control sample (100% wheat

flour).

Dough stability time were decreased from (11.0 min) for control
sample to (3.5, 4.5 and 5.5 min) for wheat flour replaced by 7.5%
MLP, (5.0 + 5.0%) mix of (MLP + MSP) and 15.0 % MSP, respectively.
The decrement in stability time indicates the weakness of dough
strength due to using MLP, MSP, and a mix of (MLP + MSP), which
reduced the wheat gluten content (dilution effect) in the blends.
These results are approximately similar to those of [12], they re-
ported that the dough development time increased with increasing
substitution levels of moringa leaves powder to wheat flour, while

the dough stability time decreased compared to the control sample.

Concerning the degree of softening, the samples that exhibited
a decrease in dough stability showed an increase in softening val-
ues. So, the degree of softening values was gradually increased with
increasing replacement levels of MLP, MSP and the mix of (MLP +
MSP).

Dough blends *Water absorp- |Arrival time| Development time Dough stability Degree of softening

tion (%) (min) (min) (min) (BU)

Control sample 60.8 1.5 2.5 11.0 40

2.5 64.7 2.0 3.0 10.5 50

MLP % 5.0 65.2 2.5 4.5 7.0 100

7.5 66.4 3.5 4.5 3.5 140

Substitu- 5.0 63.8 2.0 2.5 8.0 90
tion levels MSP % 10.0 64.6 2.5 3.5 6.0 110
% 15.0 65.5 2.5 4.0 5.5 120
25+25 63.4 2.0 3.0 7.5 100

Mix of (MLP
+MSP) % 25+5.0 65.9 2.5 3.5 6.5 120
5.0+5.0 67.2 3.0 4.5 45 130

Table 6: Farinograph parameters for dough samples of pan bread.

*Expressed on 14% moisture basis. BU = Brabender unit.

MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.
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Extensograph parameters for dough samples of pan bread

Data presented in Table (7) show the effect of substitution of
wheat flour with MLP, MSP and a mix of (MLP + MSP) on exten-
sibility, resistance to extension, proportional number and energy
of dough. Furthermore, values presented in the same table indi-
cated that the values of resistance to extension were decreased as
a result of increased substitution levels with MLP, MSP and mix of
(MLP + MSP) from (740 BU) for control sample to (260, 350 and
310 BU) in blends 7.5 % MLP, 15.0% MSP and (5.0 + 5.0%) mix of
(MLP + MSP), respectively. This may be attributed to the dilution of
wheat gluten as a result of the addition.

55

From the obtained data (Table, 7), it could be showed that the
extensibility of the dough were decreased as a result of increased
substitution levels of wheat flour with MLP, MSP and mix of (MLP +
MSP), it recorded (100, 85and 80 mm) in blends 7.5 % MLP, 15.0%
MSP and (5.0 + 5.0%) mix of (MLP + MSP), respectively, in com-

pared with 175 mm for wheat flour dough of the control sample.

Concerning to proportional number, it was detected that when
adding MLP and mix of (MLP + MSP) caused a gradual decrease
in the proportional number, being (2.60) in blend 7.5 % MLP and

Dough blends Mz:;itr:l:lst;:) ;elfliit?;;;e to Exten(srii)lﬂity “E” Proporti((l);;z;:l)number E(I(lj(::;zg)y
Control sample 740 175 4.23 168
2.5 700 170 4.12 155
MLP % 5.0 450 135 3.33 78
7.5 260 100 2.60 46
5.0 640 125 5.12 135
Substitution MSP % 10.0 480 102 4.71 92
levels % 15.0 350 85 411 54
25+25 610 120 5.08 123
Mixof (P +MSP) | 25+ 5.0 520 115 452 98
’ 5.0 +5.0 310 80 3.88 50

Table 7: Extensograph parameters for dough samples of pan bread.

BU= Brabender unit. mm= Millimeter. R/E= resistance/ Extensibility.

MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.

(3.88) in blend (5.0 + 5.0%) mix of (MLP + MSP) while, addition
of MSP recorded a slight decreased, being (4.11) in blend 15.0%
MSP in compared with control sample (4.23). For energy, the con-
trol sample achieved the highest value being 168 cm? whereas
the other blended samples had lower energy values. Result were
recorded (46, 54 and 50 cm?) for wheat flour replaced with 7.5
% MLP, 15.0% MSP and (5.0 + 5.0%) mix of (MLP + MSP), respec-
tively. These results are in approximately similar with [14], who
found a gradual decrease in maximum resistance to extension with
the substitution of wheat flour dough with MLP. Also, [20] report-

ed that the energy and proportional number decreased with in-

creasing substitution levels of MLP. Also, the maximum resistance
to extension, extensibility and energy decreased with the addition

of MSP, while the proportional number recorded different values.

Physical measurements of pan bread samples

Results presented in Table (8) and illustrated in Figure (1)
showed that, the partial substitution of wheat flour (72% ext.) with
MLP, MSP, and a mix of (MLP + MSP) increased the weight of bread
loaves gradually in parallel with increasing the level of substitu-
tion. The increase in bread weight when fiber was added may be
because of the high water-holding capacity of fibers [25].
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Physical measurements
Pan bread samples
Loaf Weight (g) Loaf Volume (Cm?®) | Specific volume (Cm3/g)

Control sample 582.70¢ 1663.65% 2.862

2.5 588.50b¢ 1582.40% 2.69%

MLP % 5.0 594.10° 1387.15° 2.34°

7.5 594.20° 1155.00¢ 1.94¢
5.0 592.20b¢ 1579.85® 2.67*®

Substitution MSP % 10.0 596.80" 1463.56" 2.45"

levels %

15.0 599.60ab 1304.35¢ 2.18%¢
2.5+2.5 586.30b¢ 1498.45° 2.56%

Mix of (MLP + b be N

MSP)% 2.5+5.0 597.50 1367.32 2.29
5.0+5.0 617.40° 1258.57¢ 2.04b¢

Table 8: Physical measurements of pan bread samples.

Means followed by different letters in the same column are significantly different by Duncan’s multiple test (p < 0.05).

MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.

On the other side, this replacement caused a gradual decrease
in bread volume and specific volume with increasing level of sub-
stitution compared to the control sample. The reason for this re-

sult is due to the amount of the fibers which are found in higher

5 %MLP

concentrations in the moringa leaves and seeds powder. These re-
sults are in agreement with those of [8], they found that the addi-
tion of MLP to pan bread samples decreased the loaf volume and

specific loaf volume.

15 aMSP

Figure 1: Physical measurements of pan bread samples prepared by partial replacement of wheat flour by MLP,
MSP and mixed of (MLP + MSP).
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Staling rate of pan bread samples

The staling rate of pan bread produced by using 100% wheat
flour (72% ext.) as control or substituted with MLP, MSP and a mix
of (MLP + MSP) stored for 72 hours at room temperature (25 +
2°C) are presented in Figure (2). The data showed that, the fresh-
ness of all pan bread samples produced gradually increased during
the storage period. Furthermore, the results show that the ability
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to retain alkaline water gradually decreased in all bread samples
during the storage period as the degree of substitution increased.
This observation is probably due to the gradual increase in mois-
ture content of the pan bread samples, which makes the bread
more tender, improves the freshness of the pan bread and causes
higher alkaline water retention capacity values, as previously re-
ported by [14].

" 48 hr 272 hr...

%1000 H1500 25 W2S WSO+ LS S0+ %50

MsP Mix of (MLP+MSP)

Figure 2: Staling rate of pan bread samples as measured by alkaline water retention capacity.

Sensory evaluation of fresh pan bread samples

Sensory evaluation is considered a critical indicator of po-
tential consumer preferences. Despite its limitations, it remains
the most important quality indicator. From date data presented
in Table (9), it could be observed that, there were significant dif-
ferences between the control sample and the pan bread samples
prepared from (2.5, 5.0 and 7.5 %) of MLP across all sensory at-
tributes. A significant decrease (p<0.05) in crust and crumb col-
or scores could be attributed to the green color of the pan bread
imparted by the chlorophyll content of MLP which negatively af-
fects consumer perception. The reduction in flavor scores for the
MLP-enriched pan bread samples could be ascribed to the herbal
flavor of MLP. Overall acceptability of the pan bread samples de-

creased as the level of MLP supplementation increased. However,

acceptable quality was maintained with MLP incorporation up to
5.0 % in pan bread samples. These findings are consistent with
those reported by [8], who found that substitution of MLP in bread

samples caused a relatively greenish and darker crust and crumb.

Concerning to the substitution of wheat flour by MSP in pan
bread samples, no significant differences were observed in crumb
color, taste, flavor and overall acceptability between the control
sample and pan bread samples (5.0 and 10.0%) of MSP, while sig-
nificant differences were recorded for 15.0% MSP which was bit-
ter and unacceptable. There were no significant differences in tex-
ture and general appearance between the control sample and pan
bread samples with (5.0, 10.0 and 15.0%) MSP. This may be attrib-
uted to the higher lipids content of MSP (Table, 2), which improve
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color and increases food palatability. On the other hand, there were
no significant differences between the control sample and pan bread
samples with 10.0% MSP for crust color, but there was a significant
difference for pan bread with (5.0 and 15.0%) MSP. Acceptable qual-
ity could be obtained by incorporating MSP up to 10.0% in pan bread
samples. [7], reported that the addition of MSP to pan bread improved
its palatability due to the higher lipids content of MSP.

Furthermore, substitution of wheat flour by a mix of (MLP + MSP)
produced pan bread with no significant differences in texture, flavor,

general appearance and overall acceptability for (2.5 + 2.5 %) mix of
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(MLP + MSP). Also, there were no significant differences in taste for
(2.5 + 2.5 and 2.5 + 5.0%) mix of (MLP + MSP). This may be due to
higher lipids content of MSP (Table, 2), which enhances the food palat-
ability. However, a significant difference in taste was observed for (5.0
+5.0%) mix of (MLP + MSP). On the other hand, significant differences
were detected between the control sample and pan bread with (2.5 +
2.5,2.5+ 5.0 and 5.0 + 5.0%) mix of (MLP + MSP) for crust and crumb
color. This change may be due to the green color of the pan bread re-
sulting from the addition of MLP. Acceptable quality can be achieved
by incorporating a mix of (MLP + MSP) up to 2.5 + 5.0% in pan bread
samples.

Crust color |Crumb color Flavour General Overall
Pan bread Samples Texture (20) | Taste (20) appearance | acceptability
(10) (10) (20)
(20) (100)
Control sample 9.57+0.53* | 9.57 £0.53% | 19.14 + 0.69* | 19.00 £ 1.00* | 19.14 + 0.90* | 18.86 + 1.21%| 95.29 + 2.81?
2.5 8.00 +1.00" | 8.29 +0.49" | 16.14 +3.02" | 15.43 +2.76" | 16.00 + 2.94" | 16.29 + 1.25"| 80.14 + 8.49°
MLP % 5.0 6.57 £1.27° | 6.57 £0.98° | 15.71 + 1.50" | 14.43 +2.30° | 14.43 +2.76P |14.57 + 1.90°| 72.29 + 8.44°
7.5 457 +1.519 | 457 £1.90¢ | 12.57 +2.57¢ | 11.29 + 2.14° | 11.29 + 3.15¢ | 11.71 + 2.50°|56.00 + 11.15¢
5.0 8.86 £ 0.38" | 9.29 + 0.49% | 19.00 + 1.15* | 18.43 £ 1.72 | 18.29 + 1.25* | 18.29 + 0.76%| 92.14 + 4.49?
Substitu-
tion levels MSP % 10.0 9.57 £0.53* | 9.43 +£0.79% | 19.00 + 1.00* | 17.29 + 2.69% | 17.43 + 2.57* | 18.57 + 1.40?| 91.29 + 7.522
% 15.0 8.86 £ 0.69" | 8.86+1.07° | 18.43 + 1.27% | 15.43 £3.78" | 13.86 + 4.38" | 18.14 + 1.952|83.57 + 11.76"
25+25| 814+0.38" | 843+0.53" |17.57 £0.79®*| 17.71 £ 0.76* | 17.71 £ 0.76 |17.86 + 0.38% 87.43 + 1.81*
Mix of
25+50| 786+1.07" | 8.14+1.35" | 17.43 +1.40* | 17.71+1.38* | 17.43 +1.13* |17.00 + 1.41°| 85.57 + 6.50°
(MLP + MSP)% |~ "
50+5.0 | 586+1.07° | 5.57 +1.72¢ | 15.14 + 2.73¢ | 14.14 + 3.44" | 13.29 + 3.64¢ | 14.00 + 4.00°|75.14 + 14.38¢
Table 9: Sensory characteristics of pan bread samples.
Means followed by different letters in the same column are significantly different by Duncan’s multiple test (p < 0.05).
MLP: Moringa Oleifera leaves powder. MSP: Moringa Oleifera seeds powder.
Conclusion versity of nutrients (dietary fibers, minerals (Fe, Ca, K and Zn), protein,

Moringa Olifera play a critical role in fortifying a series of food prod-
ucts such as bread, cookies, cakes, meat, biscuits, yoghurt and bever-
ages by augmenting their nutritional quality, bioactive compounds
content and shelf life, thus satisfying the nutritional needs of consum-
ers. Importantly, no toxicological effects have been reported from the
consumption of these products, which are therefore considered safe
and hypoallergenic. The results of the present study concluded that
Moringa Oleifera leaves and seeds powder could be used in the produc-

tion of pan bread as a rich source of nutritional values because of its di-

fat and essential and non-essential amino acids) in pan bread produc-
tion, have health-promoting effects and strengthen immune functions
to fight infectious diseases. Generally, it could be said that the substitu-
tion level up to 5.0 % for MLP, 10.0 % for MSP and 2.5 + 5.0 % for a mix
of (MLP + MSP) from the wheat flour could produce pan bread without

remarkable effect on its physical, staling and sensory properties.
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