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Abstract This study conducted to evaluate the effect of additional dried moringa leaves on bread

and their effects on the chemical and biological of rats fed it. Wheat flour with dried moringa leaves

powder (DMLB) is used at different levels (6 and 9%) to produce moringa bread. We performed a

sensory evaluation of wheat bread substituted with dried moringa leaves, chemical properties (ap-

proximate composition and antioxidants), microbiology (total bacteria, spore-forming bacteria,

fungi, and yeast) and biological analysis (Triglycerides, total cholesterol, HDL and LDL, ALT,

AST, urea, creatinine). Therefore, histopathology examination for kidney and livers of male albino

rats fed fortified bread with dried moringa leaves compared with the control sample. The results of

the approximate analysis showed significant differences by adding moringa leaves and the percent-

age of ash, protein, fat, and fiber increased with the moisture content. Moreover, carbohydrates

decreased from fortified bread with dried moringa leaves compared to the control sample. The best

treatment was fortified bread with 6% dried moringa leaves for all sensory evaluations compared to

the other samples and moringa bread (DMLB 9%) helped reduce the microbial load during storage.

The effect of moringa bread on liver cirrhosis was evaluated in rats induced by carbon tetrachloride

CCl4. We found out that the effect of moringa leaves on liver and kidney functions in a state of

improvement, as for high-density lipoprotein (HDL) and low-density lipoprotein (LDL), the pro-

portion of LDL was less than HDL compared to the control sample. At the same time, moringa

leaves have a significant effect on reducing cholesterol, triglycerides, urea, and creatinine in the
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serum of rats, which may be attributed to the presence of biologically active plant components. It

can be concluded that moringa leaves can improve biological and histological of rats feed it.

� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The moringa plants are the most cultivated species belonging

to the moringaceae family. This plant is native to northern
India, Asia, and Africa and covers 13 species of tropical cli-
mates (Al_husnan & Alkahtani, 2016; Salaheldeen et al.,
2014). While moringa oleifera is famous (the tree of life)

because it contains multiple ingredients including vitamins,
enzymes, amino acids, lipids, and minerals. As a result, it is
considered a good source of nutrients for human use

(Mensah et al., 2012). It is also possible to extract many usable
oils with different combinations of fatty acids from the mar-
inga oleifera tree. (Al Juhaimi et al., 2016) And also the mor-

inga tree has the ability to provide humans with a torrent of
nutrients that far exceeds all other animal and vegetable
sources of minerals, vitamins, amino acids, and antioxidants,
as the dried leaf powder contains 9 times the protein found

in yogurt, 4 times the vitamin A found in carrots, 19 times
the iron Found in spinach, 17 times the calcium, 4 times the
fiber in oats, 4 times the potassium in bananas, 7 times the vita-

min C found in oranges (Rockwood et al., 2013). However,
moringa oleifera is used in the manufacture of animal feed,
food fortification, and the treatment of arthritis. Some of the

major and highly marketed moringa products are dried mor-
inga leaf tea, moringa sausages, moringa biscuits, burgers,
and moringa bread. moringa sauce for soup and moringa noo-

dles; however, further investigations are needed to increase the
nutrient quality and shelf life of all beneficial products (Mani
et al., 2007), even in industrialized countries, it is one of the
most important therapeutic benefits of this plant. It can be

used as a treatment of anemia, diseases of the heart, brain,
nerves, cancer, prevention of vision loss due to vitamin A defi-
ciency, treatment of cystitis, treatment of prostatitis. The juice

of leaves mixed with lemon is used to treat dropsy because it
works as a diuretic, treats boils and pimples, treats diarrhea,
treats liver and spleen, and treats skin diseases and rheumatism

(Farooq et al., 2012; Abraham and Okon, 2014; Rahman et al.,
2009; Abd-Rabou et al., 2017; Al-Asmari et al., 2015), anti-
inflammatory (Abdull Razis et al., 2014), antifungal (Zaffer

et al., 2015; Patel et al., 2014). Being a good storehouse of
antioxidants (Vats and Gupta, 2017) Because of its high nutri-
tional content and antibacterial qualities, all portions of theM.
oleifera plant are used as a food fortifier in a variety of foods,

including Cakes, cheese, bread, dairy, moringa tea, soups, and
biscuits were also added to meat products (Oyeyinka and
Oyeyinka, 2018). While that moringa increases the nutritional

value of the dough and reduces the potential for it to retro-
grade. The crude protein level was boosted by 48 percent by
adding 10% leaf powder, despite the color being poorly evalu-

ated (He et al., 2013). The liver is a primary organ that pro-
cesses crucial biochemical and physiological processes such
as metabolism and detoxification of endogenous and exoge-
nous chemicals such as medicines and xenobiotics, as well as
homeostasis, growth, energy, and nutrient supply (Mahmood
et al., 2014; Saleem et al., 2018). Cirrhosis is a very difficult dis-
ease that occurs when the liver becomes scarred, and the liver is

a large organ that belongs to the digestive system (Tsukada
et al., 2006; Török, 2008). Since a long time ago, herbal medici-
nes have been used for treating liver problems, as many studies

have proven the effectiveness of herbal medicines and their
effect on cirrhosis at the medical level (Schuppan et al.,
1999; Luk et al., 2007). Bread has been known to be a stable

food all over the world for a long time. It is an excellent source
of energy and easily digestible carbohydrates. It is also low in
cost. Wheat flour with dried moringa leaf powder (DMLB) is
used at different levels (6 and 9%) to produce moringa bread.

This study aims to manufacture an affordable, low-cost pro-
duct and advantage nutritional value, throw adding moringa
leaves with 6 and 9 % to the formula of wheat bread. More-

over, studying the effect of moringa leaves on the functional
of liver of male albino rats with cirrhosis and evaluate some
parameters of biological analysis such as Triglycerides, total

cholesterol, HDL and LDL, ALT, AST, urea, creatinine for
male albino rats feed on fortified bread with moringa leaves.

2. Materials and method

2.1. Materials

Moringa oleifera leaves were obtained from trees planted in a
region in Menoufia governorate, Egypt. Wheat flour was pro-
vided from the local market. As for the chemicals that were

used, they were obtained from the Arab Company for Pharma-
ceuticals and Chemical Industries, Al-Amiriya, Cairo. Carbon
tetrachloride (10%) was used to poison the liver.

2.1.1. Preparing moringa leaves

Branches of trees were collected and cleaned with water. The
leaves were removed and dried at 45 ± 3�C using Binder

FED 53-UL Forced Convection Drying Oven in the university
laboratory. After completion, they were ground and packed
into thin polyethylene bags until further analyses (Fig. 1).

2.1.2. Baking technology of wheat bread

Ingredients consist of kilo wheat flour 72% ext. 700 ml of
water, 10 g of dry yeast were mixed, and 10 of salt were added.

And the same ingredients are added to prepare the moringa
bread in addition, the dried moringa leaves were put in propor-
tions of 6, 9%, After leaving the dough for 15 min to rest, it

was cut into 175 g. Molds were placed with a layer of soft
wheat rum and left to ferment for 45 min. It started to flatten
to about 25 cm in diameter and bake on high. - Oven temper-

ature (450–550 �C) from 1 to 3 min after baking in January
2020. Leave the bread to cool at (20 �C) and after finishing
the sensory evaluation of the bread (Fig. 2).

http://creativecommons.org/licenses/by/4.0/


Fig. 2 Balady bread prepared using dried moringa leaves powder as a partial substitute for wheat flour.

Fig. 1 Preparing of moringa leaves: show preparing of moringa leaves including collect the moringa leaves, and grind them before add to

bread.

The biological and chemical ameliorative effects 3
2.2. Analytical methods

2.2.1. Chemical analysis of bread

Bread samples were distributed in Petri dishes and dried in the
oven at 105–110 �C for moisture determination. The bread

samples were divided into the crucible and placed in the ash
oven) Muffle) to estimate the percentage of ash. The crude
fat, protein and crude fiber were analyzed according to

AOAC, (2019). For total carbohydrates, it was estimated by
the difference method [100 - (moisture + ash + protein + f
at + fiber %) according to Aly et al., (2021).

2.2.2. Antioxidant activity

The antioxidant activity of moringa oleifera leaves was evalu-
ated by the radical scavenging activity (DPPH) method men-

tioned by Ismail et al., (2020).

2.2.3. Sensory evaluation of processed wheat bread

Sensory evaluation: A group of arbitrators (15 females) evalu-

ated the bread samples in the university laboratory, Faculty of
Specific Education in Benha. The values were recorded in the
sensory evaluation form for food, which includes texture,
color, smell, taste, and appearance, and this continued for a

week. Aly et al., (2020).

2.2.4. Microbiological analysis

Microbial loads including total bacterial count, molds, yeasts,

and spore-forming bacteria of bread supplemented with mor-
inga leaves, were determined as methods described by Aly
et al., (2021b).

2.2.5. Biological evaluation

2.2.5.1. Animals. In this study, twenty male albino rats
(150 ± 10 g) were obtained through the Agricultural Research
Center, Giza, Egypt. Rats were placed in wire cages under nor-
mal laboratory rats and fed on a standard diet for one week as

an adaptation period. The rats were given a diet in special food
cups to avoid loss feeding conditions. Also, the water was sup-
plied by glass tubes supported on one side of the cage to the

rats, as checked daily Aly et al., (2021c).
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2.2.5.2. Induction of liver intoxication in rats. Male albino rats

were injected with the first dose at the beginning of the week
and the second in the middle, subcutaneously with carbon
tetrachloride (CCl4) and paraffin oil at 5 % V / V (2 ml/kg

by weight). Liver cirrhosis occurs two weeks after injection,
according to the method described by Aly et al., (2021b).

2.2.5.3. Experimental design. Rats were placed in wire cages at

room temperature around 25 �C and the experiment was con-
ducted at the Agricultural Research Center in Cairo, under
normal hygienic conditions.

The rats’ groups were divided as follows:
Group 1: (-ve) 5 rats fed on basal diet only, as a negative

control.

Group 2: (+ve) 5 rats fed on basal diet.
Group 3: 5 rats feed on moringa-free bread (control).
Group 4: 5 rats feed on bread fortified with dried moringa

powder at a rate of 9%.

2.2.5.4. Blood samples and organs. At the end of the experi-
ment, blood samples were collected after 12 h of fasting. The
Fig. 3 Collect organ from the animal model.

Table 1 Chemical composition of dried moringa leaves and balady b

moringa leaves (on a dry weight basis).

Constituents

(%)

Dried moringa

leaves

Bread prepared by wheat flour

72%

Moisture 5.53 ± 0.15 25.00 ± 0.10a

Total lipids 6.17 ± 0.15 1.94 ± 0.08c

Ash 6.40 ± 0.10 0.63 ± 0.02c

Crud protein 26.13 ± 0.15 7.90 ± 0.20b

Fiber 10.37 ± 0.15 0.84 ± 0.02c

Total

carbohydrates

45.47 ± 0.40 63.69 ± 0.21a

Different letters (a,b,c) within row show significant differences between

cates) ± standard deviation (SD); % on dry weight basis.*: Least signifi
rats were scratched under diethyl ether. Anesthetized blood
samples were received. Then the samples were drawn through
an artery in the eye and left to clot at room temperature and

then placed in the middle for 10 min at 3000 cycles per minute
to separate serum plasma was carefully separated, transferred
to clean cuvette tubes, and stored frozen at �20 �C for analysis

Simultaneously the organs: kidney, the liver was removed,
washed in saline, dried with filter paper, weighed, and frozen
in 10% formalin solution % for histopathological testing

according to the described method, by Drury and
Wallington, (1980) (Fig. 3).

2.2.5.5. Biological analysis. Triglycerides, total cholesterol,

HDL and LDL, ALT, AST, urea, creatinine for male albino
rats feed on fortified bread with moringa leaves determined
according to the method described by Aly et al. (2021a).

2.2.6. Histopathological investigation

Liver and kidney samples were collected and placed in forma-
lin solution with different concentrations Aly et al., (2021d).

2.2.7. Statistical analysis

All experiments were repeated in triplicate and evaluated using

one-way analysis of variance (ANOVA) and data averaging
statistical differences at p < 0.05 considered significant.
Ismail et al., (2020) Çoban, et al (2020).

3. Results d and dissection

3.1. Chemical composition of wheat bread and bread
supplemented bread with moringa leaves

Table 1 show that the chemical composition of dried moringa

leaves. It have been contain a high percentage of carbohy-
drates as the moisture content was lower compared to the
other treatments due to the effect of the drying process by

(5.53% ± 0.15) and it contained ash (6.40% ± 0.10), fibers
(10.37% ± 0.15) and protein (26.13% ± 0.15) and these
results are consistent with (Folin et al. 2011). It was observed

that all nutritional parameters increased significantly except
for the moisture content, which decreased as a result of drying.
These results were confirmed by (Özcan, 2020) which showed
that carbohydrates were higher compared to other treatments

in moringa oleifera leaves While the chemical composition of
dried moringa bread and bread prepared from wheat flour
read prepared with wheat flour substituted with different levels of

Bread prepared by dried

leaf 6%

Bread prepared by dried

leaf 9%

L.S.

D*0.05

22.80 ± 0.10b 22.10 ± 0.10c 0.19

2.52 ± 0.03b 2.74 ± 0.06a 0.12

1.68 ± 0.16b 2.00 ± 0.10a 0.20

9.52 ± 0.44a 10.10 ± 0.36a 0.69

1.19 ± 0.02b 1.25 ± 0.02a 0.04

62.29 ± 0.37b 61.53 ± 0.46c 0.73

values (p < 0.05). Data are indicated as: average (For three repli-

cant differences.
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was 72%, showed that moisture content of moringa bread was
lower than that of wheat bread, which was 22.10% ± 0.10 and
25.00% ± 0.10, respectively. (Al Juhaimi et al., 2016) reported

that the moisture levels in moringa oleifera leaves low and thus
helped reduce the moisture content in moringa bread, while
moringa bread (prepared by dried leaf 9%) had a higher ratio

of ash (2.00% ± 0.10) than wheat bread (0.63% ± 0.02).
Also, moringa bread had a higher ratio of fat (2.74 %±
0.06), fiber (1.25%± 0.02), and protein (10.10 %± 0.36) com-

pared to the wheat flour while noting a lower proportion of
carbohydrates. These results are consistent with Olaitan
et al. (2014) The results were confirmed by (El-gammal et al.,
2016) which indicated that with the increase in the proportions

of moringa leaf powder, the content of crude protein, crude fat
and ash gradually increased, while the content of moisture and
carbohydrates gradually decreased. Therefore, the moisture

content of any of the foods is a good indicator of the shelf life
and the quality of foods, and it is necessary to measure the
moisture levels in bakery products because of its potential

impact on the chemical, microbial, sensory and physical prop-
erties of these products.

3.1.1. Antioxidant activity (DPPH)

Free radical scavenging activity (DPPH) of dried moringa
leaves. The free radical scavenging activity of dried moringa
leaves reached 86.9%, which indicates the ability of moringa

to scavenge because it contains a high percentage of antioxi-
dants, as it reduces free radicals. These results are consistent
with (Pakade et al., 2013), where he referred to the ability of

moringa leaves to scavenge and compared between moringa
and a group of vegetables. The activity of antioxidants was
twice as many as the vegetables. Nevertheless, moringa con-
tains fewer free radicals. The proportions of the samples ana-

lyzed were 89.6, 88.2, and 89.9%. Ascorbic acid was used as an
antioxidant. It is known for its effectiveness, but despite that,
moringa had a higher ability to scavenge. These results were

confirmed by (Al Juhaimiet al., 2017) who indicated that mor-
inga oleifera contains a high percentage of antioxidants.
Table 2 Sensory properties of balady bread prepared with wheat flo

Parameters Time of Storage

Moringa oleifera trea

Control

Appearance

Zero time 9.25 ± 0.63a

3 days 8.5 ± 0.59a

6 days 6.35 ± 0.75a

Color

Zero time 9.05 ± 0.72a

3 days 8.1 ± 0.74a

6 days 6.05 ± 0.80a

Texture

Zero time 9.15 ± 0.63a

3 days 8.15 ± 0.63a

6 days 6.15 ± 0.63a

Taste

Zero time 8.85 ± 0.63a

3 days 7.8 ± 0.67a

6 days 5.75 ± 0.72a

Odor

Zero time 9.25 ± 0.49a

3 days 8.15 ± 0.53a

6 days 6.2 ± 0.59a

Mean ± SD with the same latter in the same column are not significant
(Ghafoor et al., 2020), who indicated that the antioxidants in
the Moringa plant extend the shelf life of nutrients lately.

3.2. Sensory properties of balady bread prepared with wheat
flour enriched with different levels of dried moringa leaves

Sensory evaluation of balady wheat bread and bread fortified

with moringa leaves is presented in Table 2. At the beginning
of the storage period (time zero), no individual differences
were observed with statistical significance (P < 0.05) between

the substituted and unsupported bread samples. A significant
decrease was observed in all coefficients scores after 2 days,
compared to the zero time but by a small percentage. We note

a decrease in the organoleptic characteristics (appearance,
taste, odor (texture and color) of the leaf-fortified bread sam-
ples, but all samples were generally acceptable, and the leaves
contain a high percentage of antioxidants and flavonoids,

which help prevent bacteria from growing for a longer period
of time and storage. Results according to Sengev et al., (2013)
stated that the sensory evaluation, despite the presence of a sig-

nificant improvement (p < 0.05) in the nutritional composi-
tion, all bread samples were acceptable, but it decreased with
the increase in the level of Moringa leaf powder supplementa-

tion. (Babiker et al., 2021) reported the importance of the sen-
sory quality of wheat flour cookies and other additives that
give a good chance to obtain a forum rich in bioactive com-
pounds and also be satisfactory by consumers.

3.3. Bacterial load of balady bread supplemented with moringa

leaves during the 8-day storage period at (25 �C ± 2)

Initially, treats of balady wheat bread and mashed bread were
prepared with dried moringa leaves. Samples that had been
stored for 8 days at room temperature were analyzed. The

results in Table 3 showed that there were no total bacteria
counts in both fresh bread and bread supplemented with dried
moringa leaves at time zero. Before the storage period, on the

second day, the total bacterial count of balady bread (control
ur substituted with different levels of dried moringa leaf powder.

tments

L.S.D*0.05Dried moringa

leaf bread 6%

Dried moringa

leaf bread 9%

8.55 ± 1.12a 8 ± 0.82a 0.80

7.45 ± 1.07b 7.1 ± 0.74b 0.75

6.1 ± 1.26a 5.45 ± 0.55a 0.83

8.55 ± 0.72a 8.8 ± 0.63a 0.63

7.65 ± 0.53a 7.75 ± 0.59a 0.57

5.7 ± 0.59a 5.76 ± 0.60a 0.61

8.85 ± 0.71a 9.05 ± 0.55a 0.58

7.85 ± 0.71a 8.05 ± 0.55a 0.56

5.85 ± 0.71a 6.05 ± 0.55a 0.55

8.8 ± 0.67a 8.95 ± 0.64a 0.59

7.75 ± 0.68a 7.9 ± 0.61a 0.60

5.7 ± 0.63a 5.85 ± 0.63a 0.60

8.3 ± 0.54b 8.63 ± 0.75b 0.55

7.4 ± 0.52a 7.65 ± 0.63a 0.51

5.35 ± 0.53b 5.6 ± 0.61b 0.52

ly different (P � 0.05) *: Least significant differences.



Table 3 Microbial load of balady bread substituted with different levels of dried moringa leaves during storage period at room

temperature (25 ± 2) for 8 days.

Microbial

parameters

(cfu/g)

Storage

Period

Microbial numbers of balady bread prepared with wheat flour Replaced with different levels of Moringa leaves

Control bread Dried moringa leaf bread 6% Dried moringa leaf bread 9%

Total bacterial

count

Zero Time ND ND ND

2 days 2.8 � 103 2.55 � 103 2.47 � 103

4 days 5.5 � 103 5.25 � 103 5.17 � 103

6 days 8.2 � 103 7.9 � 103 7.8 � 103

8 days R* R* R*

Spore forming

bacteria

Zero Time ND ND ND

2 days 4.9 � 102 4.15 � 102 3.8 � 102

4 days 6.0 � 102 5.25 � 102 4.9 � 102

6 days 7.5 � 102 6.75 � 102 6.4 � 102

8 days R* R* R*

Mold

&

yeast

Zero Time ND ND ND

2 days 6.2 � 102 5.4 � 102 5.0 � 102

4 days 7.8 � 102 7.0 � 102 6.6 � 102

6 days 9.9 � 102 9.1 � 102 8.7 � 102

8 days R* R* R*

DMLB: Dried Moringa Leaves Bread. Cfu, colony forming units; ND, Not detected; R*: Reject Data are presented as: average (for three

replicates) ± standard deviation.
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treatment) was 2.8 � 103 cfu/g during the storage period until
it reached 5.5 � 103 cfu/g on the 4 days. The proportion of

bacteria clearly increased to the eye. It spoiled and was rejected
after the sixth day. Meanwhile, the bread supplemented with
dried 6% moringa leaves (DMLB), the percentage of (TBC)

was 2.55 � 103 cfu/g on the second day, but on the sixth
day, it was (8.2 � 103 cfu/g). While the bread was supple-
mented with dried 9% moringa leaves (DMLB), the percentage

of (TBC) was 2.47 � 103 cfu/g on the second day, but on the
sixth day, it was 7.8 � 103 cfu/g. All treatments were rejected
on the eighth day. Similarly, spore-forming bacteria increased
during the storage period, balady bread contained more spore-

forming bacteria (4.9 � 102, 7.5 � 102 cfu/g while bread sup-
plemented with 6% dried moringa leaves (DMLB) were
4.15 � 102 to 6.75 � 102 cfu/g, but bread supplemented with

9% dried moringa leaves (DMLB) were 3.8 � 102 to
6.4 � 102 cfu/g after 2, 4, and 6 days of storage, respectively.
This type is known as heat-loving or resistant bacteria, and

therefore it is one of the reasons for the spoilage of healthy
foods (André et al., 2017). The baladi wheat bread of the con-
trol sample contains greater numbers of fungi and yeasts from
6.2 � 102 cfu/g to 7.8 � 102 cfu/g on this arranged pattern after

2 and 4 days, while bread supplemented with 6% dried mor-
inga leaves (DMLB) was 5.4 � 102 cfu/g on the 2 days and
reached 8.7 � 102 cfu/g on the 6 days, but bread supplemented

with 9% dried moringa leaves (DMLB) during storage days, as
the percentages of fungi and yeasts decreased compared to the
control bread as indicated (Batista et al., 2014). Prevent plant

pathogenic fungi from causing disease and threatening eco-
nomic crop production. Several reports indicate that moringa
oleifera shows the ability to control fungal diseases in plants,

and these results are somewhat similar (Mishra et al., 2021),
which confirmed that the total number of bacteria and the
number of fungi decreased with the increasing concentration
of moringa leaf powder.
3.4. Biological analysis

3.4.1. Effect of feeding bread samples containing dried moringa

leaves powder on liver enzymes (GPT/ALT) and (GOT/AST)
for cirrhosis of rats

Table 4 shows the effect of moringa bread nutrition on liver
enzymes. Glutamic pyruvic transaminase (GPT) and oxaloace-

tic transaminase (GOT) enzymes from cirrhosis of male albino
rats, where it was found that the mean GPT value of the neg-
ative control was significantly lower compared to the positive

control, which was 21.47 ± 1.55 and 120.33 ± 1.53 On the
other hand, for G4, it shows the effect of moringa on the pro-
tective evaluation of the liver. We find that G4 that is fed on

bread was replaced by 9% of the dried leaves of moringa,
which reached 32.27 ± 2.57, and thus led to an improvement
in GPT. While G3, which is fed on bread free from moringa
leaves, we note that it did not positively affect GPT. The

increase in moringa level further improved the activity of liver
enzymes in G4. These data are in agreement with Bahashwan
et al., (2015) and Gangarapu et al., (2014), who showed the

same elevated hepatic enzyme. The data in Table 4 also
showed that the mean value in GOT enzyme for the negative
control group (27.68 ± 1.97 U/L) was much lower compared

to the positive control (160.67 ± 2.08 U/L). It can be seen that
the G3 group had the highest level of GOT enzyme in the
blood. The G4 that was fed on bread supplemented with 9%
of the moringa leaves reached 35.70 ± 1.15 units/liter, which

showed an improvement in the level of GOT compared to
G3, and therefore we note significant differences, and these
results are in agreement with El- Meligy et al. (2014) showed

the same rise in liver function. Some studies indicated that in
clinical procedures, when monitoring and examining the devel-
opment of diseases, including liver disease, liver function tests

are used. The most common of these tests are aspartate amino-



Table 4 Effect of feeding treatments of wheat bread samples and substituted with dried moringa leaves on the enzymes of biological

assays for male albino rats for 30 days.

Parameters Groups

L.S.D*0.05G1 G2 G3 G4

GPT (U/L) 21.47 ± 1.55d 120.33 ± 1.53a 101.20 ± 3.36b 32.27 ± 2.57c 4.48

GOT (U/L) 27.68 ± 1.97d 160.67 ± 2.08b 180.90 ± 1.87a 35.70 ± 1.15c 3.4

Cholesterol (mg/dl) 62.17 ± 1.60c 173.33 ± 2.12a 164.43 ± 1.59b 65.53 ± 1.80c 3.37

Triglyceride (mg/dl) 78.53 ± 2.93c 225.50 ± 1.77a 223.40 ± 0.96a 82.59 ± 1.47b 3.62

HDL 52.33 ± 1.29a 23.52 ± 2.36c 26.33 ± 2.68c 48.19 ± 2.13b 4.09

LDL 22.03 ± 2.92c 95.14 ± 2.24a 96.37 ± 3.11a 33.44 ± 2.35b 5.04

Urea (mg/dl) 19.53 ± 1.12c 82.97 ± 2.77a 78.30 ± 2.40b 23.10 ± 1.67c 3.94

Creatinine (mg/dl) 0.69 ± 0.01c 1.77 ± 0.02a 1.74 ± 0.02b 0.67 ± 0.01c 0.03

Mean ± SD with the same latter in the same column are not significantly different (P � 0.05) *: Least significant differences.

Group 1: The control group (-ve), in which normal rats were fed the basic diet and tap water.

Group 2: the control group (+ve), in which rats with hepatotoxicity with CCl4 were fed a base diet and tap water.

Group 3: Rats with abnormal liver function, treated with control bread.

Group 4: Rats with liver defects treated with bread fortified with moringa leaves (prepared with 9% of moringa leaves). The trial period

occurred for 28 days.
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transferase (AST / GOT), alanine aminotransferase (ALT /
GPT), albumin, and prothrombin.

3.4.2. Effect of feeding moringa bread samples containing leaves
for 28 days on the levels of total cholesterol and triglycerides

(mg/dl) on liver fibrosis of rats

Also, Table 4 showed the effect of moringa bread on the level
of total cholesterol in the blood of rats with cirrhosis. The total
cholesterol (TC) mean value for the negative control (62.17

± 1.60 mg/dL) was significantly lower at (p < 0.05) com-
pared with the group Positive control (173.33 ± 2.12 mg/d
L). For the G4 fed with bread substituted with 9% moringa

leaves, we observed a decrease in the percentage of TC in the
blood compared with the control group fed with G3 free mor-
inga bread. The mean value of triglycerides (TG) for the neg-
ative control was (78.53 ± 2.93 mg/dL) which showed a

significant decrease in lipids compared to the positive control
(C + ve) group (225.50 ± 1.77 mg/dL). G4 fed the substitute
bread with moringa leaves, which was less valuable compared

to the other groups. These results are in agreement with Mehta
et al., (2003). It was found that the levels of cholesterol and
triglycerides decreased in the levels of TG and TC among

the rats fed moringa oleifera compared to the other groups.
These results were confirmed by Aborhyem et al., (2016) and
Ghasi et al., (2000), showing that the bioactive components

present in moringa leaves helped lower blood cholesterol in
infected mice and confirmed by Dubey et al., (2013).
Chumark et al. (2008) observed that moringa extract lowered
cholesterol and triglyceride levels by a very high rate and

helped reduce the formation of atherosclerotic plaques after
12 weeks of feeding in rats fed a high proportion of cholesterol.

3.4.3. Effect of feeding moringa bread samples containing leaves
for 28 days on HDL and LDL levels (mg/dl) of liver fibrosis of
rats

Table 4 showed the effect of replacing balady bread with 9%

moringa leaves fed rats with cirrhosis on high-density lipopro-
tein (HDL-C) levels. The mean HDL value of the negative
control was significantly higher (p < 0.05) compared to the

positive control and was 52.33 ± 1.29 mg/dL and 23.52 ± 2.
36 mg/dL, respectively. G4 fed on bread substituted with mor-
inga leaves had higher serum HDL compared to G3 (26.33 ±
2.68 mg/dL), while we find the effect of moringa bread on low-

density lipoprotein (LDL) levels. The mean serum LDL value
for the negative control group was (22.03 ± 2.92 mg/dL)
which revealed a notable decrease (P < 0.05) compared to

the positive control group (95.14 ± 2.24 mg/dL). Whereas
the group fed with G4 moringa leaf bread had the lowest
LDL level compared to the G3 fed on moringa-free bread that

reached the highest percentage of 96.37 ± 3.11 mg/dL of
LDL. These results agree with Jain et al., (2010), who found
that moringa leaves had an effect on LDL and HDL, which
helped reduce the proportion of low-density lipoprotein. On

the contrary, it increased the high cholesterol lipoprotein pre-
sent. Infer how effective moringa is in reducing lipids and
cholesterol in the blood. These results were confirmed by

Reddy et al., (2012), which showed that when rats were given
powdered extracts of moringa leaves orally, it reduced the level
of cholesterol (HDL-C) in the blood. It was also explained that

moringa leaves are used to manufacture therapeutic drugs that
fulfill the same purpose.

3.4.4. Effect of feeding moringa bread samples containing leaves

for 28 days on urea and creatinine (mg/dl) for liver cirrhosis in
rats.

Table 4 showed the effect of replacing balady bread with 9%

of moringa leaves fed to rats with cirrhosis on serum urea
and creatinine levels. The mean values of the urea negative
control group were (19.53 ± 1.12 mg/dL), which showed a sig-
nificant decrease at (p < 0.05) compared to the positive con-

trol group 82.97 ± 2.77 mg/dL., while G4 fed with moringa-
free bread led to a decrease in urea that reached 23.10 ± 1.6
7 mg/dL compared to G3 that was fed on moringa-free bread

(control) and the positive control group. As for creatinine
level, the results presented in Table 4 explained the effect of
eating bread substituted with 9% of moringa leaves on liver

creatinine in rats. The positive control group was higher than
the control group at (P < 0.05) and its scores were 1.77 ± 0.
02 mg/dL and 0.69 ± 0.01 mg/dL. The G4 fed on bread that

was replaced by 9% moringa leaves was 0.67 ± 0.01 mg/dl,
which was decreased compared to the G3 fed on moringa-
free bread. These results are consistent with Halabi et al.,
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(2013), which showed that the level of urea nitrogen and crea-
tinine gradually decreased according to the concentration of
moringa oleifera. These results confirmed that moringa oleifera

helps raise the nutritional value of what contains minerals,
vitamins, and other elements and works to improve kidney
and liver functions. On the contrary, a previous study by

Ghebreselassie et al., (2011) indicated that the groups of rats
treated with different doses of 600 and 900 mg/kg of body
weight of aqueous extract of moringa leaves did not show a

significant change in the level of creatine and urea compared
to the control group, but it was reduced in the level of both.

3.5. Histopathological examination

3.5.1. Study of hepatic cells of rat by histological examination

Fig. 4 shows liver biopsy from rats of (_ve) group 1 showed

that normal histological structure of hepatic lobules. But liver
biopsy from group 2 show profilated fibroblast in the portal
tract, new bile ductules are formed, focal hepatocellular necro-
Fig. 4 Live
sis and destruction surrounded by inflammatory cell then the
fibrous capsule then biopsy from group 3 revealed hydropic
degeneration of hepatocytes. By examination from group 4

showed mild hydropic degeneration of some hepatic cells, mild
fibroplasia in the portal tract, and formation of newly bile duc-
tules. These results are consistent with Taha et al., (2015).

Histopathological research of the present study not only con-
firms the toxicity of CCl4 on hepatic cells but also the hepatic
recovery after treatment of intoxicated rats with moringa olei-

fera extract. Because of improvement in hepatic architecture,
severe hepatic fatty degeneration together by infiltrated inflam-
matory cells after moringa oleifera extract given.

3.5.2. Study of rat renal cells by histological examination

Fig. 5 shows microscopic examination of the kidneys of rats
from group 1 show renal parenchyma is normally histological

structures. On the other side nephro histology of rats from
group 2 had protein caseation material in the lumen of renal
tubules. But, kidney s of rats from group 3 showed proteina-
r of rat.



Fig. 5 Kidney of rat.
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ceous materials in the lumen of renal tubules, congested blood

vessels of intertubules, and focal necrosis of renal tubules with
inflammatory cells infiltration. At the same time, kidneys from
group 4 showed proteinaceous material in the lumen of some

renal tubules, mild vacuolation of epithelial lining some renal
tubules, and mildly congested blood capillaries of intratubules,
and these results are consistent with Halaby et al., (2013)
which proved the effect of bread enriched with moringa in

improving kidney functions.

4. Conclusions

This study showed that moringa leaves have high nutritional
value, so in our study, we enriched with moringa leaves to
improve the organoleptic properties and the fiber in the food

product, enhancing its nutritional value. Also, moringa con-
tains a high level of antioxidant activity, which has resulted
in a significant decrease in the growth of fungi, yeasts, and

bacteria in processed bread. In addition, the study shows
that moringa leaves significantly influence the biological

parameters in the serum of rats with cirrhosis liver by
CCL4, it reduced liver and kidney enzymes GPT, GOT,
cholesterol, triglycerides, high-density lipoprotein, low-

density lipoprotein, HDL, LDL. Furthermore, the damaged
liver and kidney tissues by CCL4 carbon tetrachloride are
slightly improved. Finally, we should pay more attention
to the high nutritional value of moringa leaves through

advertising, product branding, and targeted communication.
Also, a need to create many moringa leaves supplement
products that are made with a lack of knowledge about

the effect of treatment with dried moringa leaves on health
and nutritional values.
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2016b. The biochemical composition of the leaves and seeds meals

of moringa species as non-conventional sources of nutrients. J.

Food Biochem. 41.

Al Juhaimi, F., Ghafoor, K., Mohamed Ahmed, I., Babiker, E.,
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