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Abstract

Background and Objective: Watermelon is a good source of minerals, vitamins and dietary fibers. It has been considered a health benefits
effect due to the high amount of antioxidants and phytonutrients such as phenolics, flavonoids, phytosterols and other medicinal
compoundswhich decrease therisk of cardiovascular, diabetes and cancer. This research was carried out to study the effect of wheat flour
(WF) supplemented with different levels of watermelon rinds flour (WRF) on the chemical and organoleptic properties of balady bread.
Furthermore, the effect of prepared bread on reducing blood lipids of hyperlipidemic rats. Materials and Methods: Wheat flour (WF) has
been supplemented with different levels (5, 10, 15 and 20%) of watermelon rinds flour (WRF). The chemical and organoleptic properties
of balady bread and the anti-hyperlipidemic effect of prepared bread on hyperlipidemic rats were evaluated. Results: The results indicated
that incorporation of WRF in balady bread wheat flour increased the fibre, ash and minerals content of prepared bread. While
carbohydrates contentand energy value were decreased by increasing the WRF substitution levels. Organoleptic evaluation tests showed
thatup to 15% of WF could be replaced with WRF in balady bread and still more acceptable bread compared with control bread samples.
In addition, rats fed on a hyperlipidemic diet containing balady bread fortified with WRF showed a significant decrease (p<0.05) in the
triglyceride (TG), total cholesterol (TC), High-Density Lipoprotein Cholesterol (HDL-C), Low-Density Lipoprotein Cholesterol (LDL-C) and
Very-Low-Density Lipoprotein Cholesterol (V-LDL) level by increasing the amounts of simultaneous supplementation with WRF 5-15%
inthe formulated balady bread compared to control samples. Conclusion: The research recommended that the 15% replacement of WRF
gave good quality properties and lead to reducing body weight and serum lipid profile of hyperlipidemic rats.
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INTRODUCTION

Hyperlipidemia disease is defined as any disorder or
elevation in one or more constituents of blood lipids
including triglyceride, total cholesterol, low-density
lipoprotein cholesterol and very-low-density lipoprotein
cholesterol'. Hyperlipidemia is the main risk factor causing
diabetes mellitus, fatty liver disease, cardiovascular and
predictors of coronary heart disease** which considered a
global cause of death in recent years*>. A diet rich in
cholesterol and saturated fats are the major cause of
hyperlipidemic disease’. Consumption of foods rich in fibre
such as fruits and vegetables is a major factor in improving
blood lipids levels and reducing the odds of
hypercholesterolemia in humans’#.

Watermelon (Gitrullus lanatus) is a flowering plant with
round or oblong fruits belonging to the Cucurbitaceae family
which is distributed in the tropics regions and consumed
all over the world®. The watermelon rinds are usually used in
the manufacturing of feeds and fertilizer, however, it is also
can be utilised in the human diet as a natural source of fibres'.
The rinds of watermelon are a good source of minerals,
vitamins and dietary fibres''. It has been considered a health
benefits effect due to the high amount of antioxidants and
phytonutrients such as phenolics, flavonoids, phytosterols and
other medicinal compounds which decrease the risk of
cardiovascular, diabetes and cancer'?'>. Oral administration
with methanolic extract of watermelon rinds caused a
significant decrease in triglycerides, total cholesterol and
low-density lipoprotein cholesterol in hyperlipidemic rats'®.
Sorour et a/'* found that diabetic rats ingested with 1 mL of
watermelon rind juice for three weeks induced a significant
improvement in pancreatic cells compared with the
normal control animals. Abu-Hiamed' indicated that
hypercholesterolemic rats fed on a diet containing 10%
watermelon rinds led to a significant decrease in serum levels
of total cholesterol and LDL cholesterol.

Balady bread is the most widely daily diet consumed by
almost all profiles of consumers'®. The major ingredient in
balady bread is wheat flour. Enrichment of wheat flour with
fibre and protein is one of the ways to provide healthy
food to consumers'. Al-Sayed and Ahmed'" found that the
incorporation of watermelon rinds at levels of 2.5 and 5%
enhanced the nutritional and quality properties of cakes.
Eshak? suggested that banana peels flour can be used to
replace 5% up to 10% of wheat flour in balady bread as a high
source of dietary fibre and minerals. Ashoka et a/*' developed
cookies by incorporating the watermelon rind flour at levels
10,20 and 30% to improve the nutritional value of crude fibre
and minerals content of produced cookies.
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The current research was performed to study the effect of
wheat flour (WF) supplemented with different levels (5, 10, 15
and 20%) of watermelon rinds flour (WRF) on the chemical
and organoleptic properties of balady bread. Furthermore,
the anti-hyperlipidemic effect of prepared bread on
hyperlipidemic rats.

MATERIALS AND METHODS

Study area

Materials: Mature watermelon (Gitrullus lanatus) fruits and
variety (Giza 21) were purchased from the local market, in
Cairo, Egypt. Wheat flour (82% extraction) was obtained from
Central and West Delta Flour Mills Company, Tanta, Egypt.
Instant active dry yeast and salt (sodium chloride) were
obtained from the local market, Cairo, Egypt. This study was
carried out at, Food Science and Technology Department,
Al-Azhar University Egypt from March to September, 2021.

Experimental animals and diet: A total of 42 adult male
albino rats (Rattus Norvegicus), weighed between 120-130 g,
an average of 6-8 weeks of age were acquired from the
laboratory animal station of the National Research Center,
Giza, Egypt. Experimental diets including standard basal diet
and hyperlipidemic diet used in this investigation??3, were
presented in Table 1.

Chemicals: All chemicals, reagents and kits of lipids profile
used in this study were of analytical pure grades and
purchased from Delta Aromatic Company, Giza, Egypt.

Methods of analysis

Preparation of watermelonrind flour (WRF): The inner white
rinds of watermelon were separated from the washed ripe
watermelon fruits after removing the outer green skin, sliced
into small pieces and dried at 50%3°C for 48 hrs using a hot
air oven. The dried watermelon rinds were finely milled using
aconventional grinder and sieved through a 60-mesh sieve to
a fine powder.

Formulation of flour blends: Five blends were prepared by
incorporating watermelon rind flour (WRF) at levels 5, 10, 15
and 20% with wheat flour (82% extraction) and compared
with control (100%) wheat flour (WF), these samples were
depicted in Fig. 1.

Balady bread preparation: Balady bread was processed by
mixing 100 g of tested flour blends with other ingredients
including 0.5 g of activated dry yeast, sodium chloride and
water in proportions of 1.5 g and 80 mL, respectively. This
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20% WRF 15% WRF

Fig. 1: Balady bread samples investigation

Table 1: Constituents of experimental diets (%)
Experimental diets (%)

Ingredients Standard basal diet Hyperlipidemic diet
Corn starch 68 66.5

Casein 125 125

Fat (corn oil) 10 10

Cellulose 5 5

Salt mixture 35 35

Vitamins mixture 1.0 1.0
Cholesterol - 1.0

Cholic acid 0.5

constituent was mixed by hand for about 7 min to form the
suitable dough. The dough was left to ferment at 30°C and
85% relative humidity for one hour and then divided into
125 g pieces. The fermented dough pieces were flattened with
afine layer of bran to be about 20 cm in diameter at the same
mentioned temperature and relative humidity. The flattened
loaves were baked at 400-500°C for 1-2 min. The bread was
cooled at room temperature for 10 min before chemical and
sensory evaluation?.

Chemical analysis of prepared bread: Moisture, protein, fat,
crude fibre and ash were determined according to AOAC®.
Total carbohydrates were calculated differently. Caloric value
(Kcal) was calculated by the equation of Livesey?® as follows:

Total calories = Proteinx4-+fatx9+total carbohydratex4

Minerals (Ca, P, Mg, Na, K, Fe and Zn) content were
determined in balady bread samples according to AOAC?.

Sensory evaluation: The tested balady bread loaves were
evaluated for their organoleptic characteristics including
appearance, taste, odour, texture, crust colour, crumb
distribution, separation of layers, roundness and overall
acceptability. Panellists used a 1-10 point hedonic scale as
follows: 10 the most liked, 5 unacceptable margins and 1 the
most disliked?2?7,

Animals housing and experimental design: Forty-two adult
male albino rats were used in this study and housed in plastic
community cages at 23+2°Cand 60£5% relative humidity

10% WRF
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5% WRF Control (0% WRF)

with 12 hrs of light/dark cycle conditions. All rats feed on a
standard basal diet during the acclimatization period (7 days)
before starting the experiment. After that, the experimental
animals were divided into 2 main parts: The first part (7 rats)
fed on a standard basal diet only and served as a negative (-ve)
control (Group 1). The second part (35 rats) were fed on a
hyperlipidemic diet during the experimental period (28 days),
served as (hyperlipidemic rats) and was randomly divided into
equal 5 Groups (from Group 2-6) each group had 7 rats.
Group (2): Hyperlipidemic rats fed on a hyperlipidemic diet
only for 28 consecutive days and served as positive (+ve)
control. Group (3): Hyperlipidemic rats fed on control
balady bread (100% WF) for 28 consecutive days.
Group (4): Hyperlipidemic rats fed on balady bread
supplemented with 5% WRF for 28 consecutive days.
Group (5): Hyperlipidemic rats fed on balady bread
supplemented with 10% WRF for 28 consecutive days.
Group (6): Hyperlipidemic rats fed on balady bread
supplemented with 15% WRF for 28 consecutive days. Body
weights were recorded daily during the experimental period.
Bodyweight gain percentage (BWG %) was calculated as:

BWG (%) = —(WZV; W)

1

x100

Where:
W, = Initial body weight
W, = Final body weight

Blood sampling: At the end of the experiment, animals fasted
for 12 hrs before sacrifice. Blood samples were collected from
the heart and left to clot and centrifuged at 3000 rpm for
15 min to separate the serum and stored in Eppendorf tubes
at -18°C until analysis. The liver of tested rats was removed,
washed with distilled water, dried on filter paper and weighed
individually to calculate the relative liver weight as (g/100 g
final b.wt.) according to Elgawish and Ghanem?,

Determination of serum lipid profile: Total cholesterol (TC)
and triglycerides (TG) in blood serum were carried out
according to the methods described by Danno eta/?. Serum
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High-Density Lipoprotein Cholesterol (HDL-C) was measured
by the colorimetric method as described by Li et a/3°. Serum
Low-Density Lipoprotein Cholesterol (LDL-C) was determined
according to Nauck et a/*'. Very Low-Density Lipoprotein-
Cholesterol (VLDL-C) was calculated from the following
equation:

VLDL —C concentration (mg dL") = %

According to Scharnagl et a/*2.

Statistical analysis: The obtained data were presented as
means =t standard error. Comparison between different groups
was carried out using a One-way Analysis of Variance (ANOVA)
using the SPSS computer program (version 20.0).

RESULTS AND DISCUSSION

Proximate chemical composition: The mean value of
proximate chemical composition and energy value of balady
bread supplemented with different levels (5, 10, 15 and 20%)
of WRF were shown in Table 2. Results revealed that the
protein and fat content of produced bread samples were not
significantly affected by increasing the incorporation level of
WRF from 5-20% as compared with control bread samples.
Thefibreand ash content of produced balady bread increased
significantly with increasing the WRF substitution levels and
the values ranged from 2.60 and 2.13% in 5% WRF t0 4.81 and
3.85% in 20% WRF, respectively compared with control bread
(1.89 and 1.52%, respectively). On the other hand, a gradual
decrease in carbohydrates content was noticed in the same
samples and reached 78.87% in balady bread samples
containing 20% WRF, against 83.97% of the control sample.
From Table 2, it could be demonstrated that the energy
value (Kcal/100 g) was slightly and gradually decreased in
tested samples and reached 374.56 Kcal in balady bread
samples supplemented with 20% WRF compared with control
(395.16 Kcal).

These findings were in agreement with the results of
Ashoka et a/?' they found that the incorporation of WRF at
levels 10, 20 and 30% in cookies can improve the nutritional
value of crude fibre, calcium, iron and phosphorous of
produced cookies. El-Badry et a/** enhanced the nutritional
value and quality properties of pan bread by replacing wheat
flour with WRP up to 6% which has good quality properties
and beneficial effects on human health.
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Minerals content of produced balady bread: The minerals
content of the control balady bread sample (100% WF) and
balady bread samples containing WRF at levels of 5,10, 15 and
20% were determined and recorded in Table 3.

As illustrated in the obtained results, it could be
mentioned that the control balady bread sample contained
Ca, P, Mg, Na and Fe at levels of 24.16, 174.27,112.20, 162.30
and 2.68 mg/100 g, on a dry weight basis, respectively. The
minerals content for produced balady bread was progressively
increased as the replacement levels increased from WRF and
reached 72.23, 197.36, 158.46, 223.65 and 4.63 mg/100 g,
respectively in balady bread samples supplemented with 20%
WREF.

These results were in harmony with those obtained by
Olaitan et a/** they found that incorporation of watermelon
rind flour with wheat flour increased the minerals content of
cookies. Amal et a/* enhanced the physic-chemical and
minerals content of cake samples by replacing wheat flour
with watermelon rinds flour.

Sensory characteristics: The effects of watermelon rinds flour
supplementation on the organoleptic characteristics of
produced balady bread were presented in Table 4. As shown
in the obtained results, it could be exhibited that there were
no significant (p<0.05) differences between the control balady
bread sample and a tested sample containing 5, 10 and 15%
WREF in all sensory characteristics with an exception, the crust
colour and crumb distribution of samples containing WRF at
15% were significantly decreased (p<0.05) when compared
with control bread. A significant difference (p<0.05) was
observed in bread samples enriched with 20% WRF in all
sensory properties except roundness and layer separation
which was not affected significantly by increasing
supplementation level up to 20% WRF. The alterations in
crumb distribution of bread samples containing 15% WRF
may be attributed to the higher fibre content which
leads to deterioration of gluten structure®. These
results were in harmony with the results obtained by
Eshak?® and Ashoka et a/?'.

Effect of feeding on balady bread supplemented with WRF
on body weights and liver weights of hyperlipidemic rats:
Table 5 revealed that the positive control (@animals group fed
onthe hyperlipidemic diet only) showed a significant (p<0.05)
increase in the body weights and liver weights compared to
the negative control (animals fed on a standard basal diet).
Also, there were no significant (p<0.05) alterations in BWG
and liver weights between rats of the group fed on a
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Table 2: Effect of wheat flour supplemented with different levels of WRF on the chemical composition of prepared balady bread (on a dry weight basis)
Proximate chemical composition (%)

Bread samples Protein Fat Fibre Ash Carbohydrates Energy value (Kcal)
Control (100% WF) 10.86£0.01° 1.76£0.05 1.89£0.03¢ 1.52£0.07¢ 83.97+0.27° 395.16
95% WF+5% WRF 10.82£0.04° 1.77£0.10° 2.60+0.08¢ 2.13%0.05¢ 82.68+0.24° 389.93
90% WF+10% WRF 10.78+£0.20° 1.79£0.022 3.324+0.04¢ 2.671+0.14¢ 81.44%0.37¢ 384.99
85% WF+15% WRF 10.71£0.23° 1.82£0.02 4.061+0.07° 3.28%+0.10° 80.13£0.10¢ 379.74
80% WF+20% WRF 10.63£0.16° 1.84£0.122 4.811+0.02° 3.851+0.08° 78.87£0.02¢ 374.56

Means of three replicates£standard error, means with different superscripts within the same column differ significantly (p<0.05), WF: Wheat flour (82% extraction)
and WRF: Watermelon rinds flour

Table 3: Minerals content of balady bread supplemented with different levels of WRF (on a dry weight basis)
Minerals content (mg/100 g)

Bread samples Ca P Mg Na Fe

Control (100% WF) 24.16+0.57¢ 174.27£0.26° 112.20£1.21¢ 162.30£1.40° 2.68+0.02¢
95% WF+5% WRF 35.09£1.15¢ 178.42%0.56¢ 123.50%1.04¢ 177.25%0.86¢ 3.12%£0.17¢
90% WF+10% WRF 46.27£0.46¢ 186.10£1.12¢ 134.83£0.23¢ 192.08£2.16¢ 3.74£0.08°
85% WF+15% WRF 58.80+£2.80° 190.57+0.85° 146.10£1.15° 205.71£0.52° 4.1910.04°
80% WF+20% WRF 72.23+0.35° 197.36£1.32° 158.46+£0.11° 223.65+1.10° 463%0.12°

Means of three replicates£standard error, means with different superscripts within the same column differ significantly (p<0.05), WF: Wheat flour (82% extraction)
and WRF: Watermelon rinds flour

Table 4: Organoleptic properties of tested balady bread supplemented with different levels of watermelon rinds flour
Balady bread samples (M= SE)

Supplementation levels (%)

Organoleptic properties Control (100% WF) 5% WRF 10% WRF 15% WRF 20% WRF

Appearance 8.28+0.46° 8.25+0.732 8.26£0.60° 8.25+0.55° 6.95+0.85°
Odor 9.15£0.26° 9.15+0.412 9.13£0.75° 9.10£0.20° 8.50+0.36°
Taste 8.90£0.15° 8.95+0.39° 8.90£0.20° 8.92+0.10° 8.10+0.27°
Chewing ability 7.501+0.402 7.50+0.06° 7.48+0.232 7.52+0.25° 7.501+0.65°
Crust color 825%1.122 8.20+0.86° 8.181+0.65% 8.10+0.30° 7.15+0.51¢
Crumb distribution 7.90+0.432 7.84+0.90° 7.87+0.702 6.90+0.41° 6.10£0.26¢
Roundness 8.50£0.51° 8.651+0.28° 8.62£0.76 8.55+0.552 8.60£0.28°
Layer separation 8.20£0.69° 8.25+0.65° 8.3310.24° 8.10£0.95° 8.12£0.16°
Overall acceptability 8.50£0.35° 8.50+0.18° 8.4510.45° 8.30+0.432 7.20%0.08°

Means = standard error, means with different superscripts within the same row different significantly (p<0.05), Control balady bread prepared from 100% wheat flour
(82% extraction) and WRF: Watermelon rind flour

Table 5: Alterations in body and liver weights of hyperlipidemic rats after 28 days of being fed on produced balady bread

Body weight (g) Liver weight
Animal groups Initial Final BWG (g/28 days) BWG (%) Absolute (g) Relative (%)
Control (+ve) 126.45+3.28° 202.55+2.66¢ 76.10+1.95¢ 60.18 6.92+0.28¢ 341
Control (-ve) 128.19+2.552 275.89+2.22° 147.70+2.76% 115.21 8.24£0.35° 298
100% WF 126.82+3.06% 271.92+1.88° 145.10+3.182 11441 8.06£0.16° 2.96
95% WF+5% WRF 127.35+4.492 265.171+1.29° 137.82+2.80° 108.22 7.8310.08° 295
90% WF+10% WRF 128.17+3.70% 224.58+1.45¢ 96.41£1.32¢ 75.22 7.341+0.20¢ 334
85% WF+15% WRF 126.98+2.68° 206.13+1.38¢ 79.15%1.16¢ 62.33 7.02£0.11¢ 3.52

Means = standard error, means with different superscripts within the same column differ significantly (p<0.05), (+ve): Normal rats, (-ve): Hyperlipidemic rats, WF: Wheat
flour, WRP: Watermelon rinds flour and BWG: Body weight gain

hyperlipidemic diet containing control balady bread and 7.02 g at 15% WRF, respectively compared to the positive
positive control animals. On the other side, the BWG and liver control (275.89 and 8.24 g). The lowest values of BWG and liver
weights of hyperlipidemic rats fed on the hyperlipidemicdiets ~ weights were achieved in the animals fed on a hyperlipidemic
enriched with balady bread composed of wheat flour and diet containing 15% WRF-bread formula and it was very close
different levels of WRF decreased significantly (p<0.05) in the to the normal control animals (group 1). This increase in liver
range from 137.82 and 7.83 g at 5% WRF to 79.15g and weights may be attributed to the accumulation of triglycerides
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Table 6: Alterations in serum lipids level of hyperlipidemic rats after 28 days of feeding on produced balady bread

Serum lipids profile (mg dL™")

Animal groups TG TC HDL-C LDL-C VLDL-C

Control (+ve) 126.26+1.98¢ 165.10=1.65¢ 66.25+0.32° 73.12+0.82f 25.25+0.08°
Control (-ve) 182.66+2.40° 318.75+1.232 31.98+0.18¢ 226.58+1.24° 36.53+0.152
100% WF 179.60%1.732 307.62+2.552 34.07+0.09¢ 199.72+£2.18° 35.92+0.04
95% WF+5% WRF 153.44+£1.72° 281.10+0.92° 41.20£0.25¢ 159.14%£0.51¢ 30.68+0.10°
90% WF+10% WRF 130.59+0.57¢ 235.28+1.87¢ 49.92+0.15¢ 118.26%+1.10¢ 26.11£0.12¢
85% WF+15% WRF 128.69+2.04¢ 180.24+2.35¢ 60.23£0.37° 92.50+0.28¢ 25.73£0.26¢
Normal range (mg dL=") <150 <200 <40 <100 <150

Means=standard error, means with different superscripts within the same column differ significantly (p<0.05), (+ve): Normal rats, (-ve): Hyperlipidemic rats, WF: Wheat

flour, WRP: Watermelon rinds flour and control balady bread (100% WF)

asaresultof animbalance between the synthesis rate and the
release rate of triglycerides by parenchymal cells in blood
circulation¥.

These results were agreed with previous studies'#!7383
they have indicated the ameliorative role o f watermelon
rinds on body weight loss of hyperlipidemic and
hypercholesterolemic rats.

Effect of feeding on balady bread supplemented with WRF
on serum lipids profile of hyperlipidemic rats: The effect of
feeding on a hyperlipidemic diet containing balady bread
enriched with 0, 5, 10 and 15% of WRF for 28 days on contents
of triglyceride (TG), total cholesterol (TC), High-Density
Lipoprotein Cholesterol (HDL-C), Low-Density Lipoprotein
Cholesterol (LDL-C) and Very-Low-Density Lipoprotein
Cholesterol (V-LDL) of tested hyperlipidemic rats are
shown in Table 6.

The obtained data revealed a significantincrease (p<0.05)
in the content of TG, TC, LDL-C and VLDL-C of hyperlipidemic
rats fed on hyperlipidemic diets (-ve control) compared with
normal rats fed on a basal diet (+ve control). Also, the results
show that there were no significant alterations (p<0.05)
between the corresponding parameters of hyperlipidemic rats
fed on a hyperlipidemic diet (-ve control) and hyperlipidemic
rats fed on balady bread containing 100% wheat flour. The
results also indicated that the rats fed on a hyperlipidemic diet
containing balady bread fortified with WRF (group 4, 5 and 6)
by increasing the amounts of simultaneous supplementation
with watermelon rinds flour from 5-15% in the formulated
balady bread showed that significant decrease (p<0.05) in the
TG, TC, LDL-C and VLDL-C level compared to control samples.
The highest reductions of TG, TC, LDL-C and VLDL-C content
were observed in the rats fed on a hyperlipidemic diet
containing15% WRF-bread (group 6) which recorded 128.69,
180.24, 92.50 and 25.73 mg dL~' compared with 182.66,
318.75,226.58 and 36.53 mg dL~", respectively in the positive
control rats. On the other hand, serum HDL-Clevel increased

significantly (p<0.05) from 34.07 mg dL~" in the group of rats
fed on a hyperlipidemic diet containing 5% WRF bread
formula to 60.23 mg dL™" in the animal group feed on
hyperlipidemic diet contained 15% WRF bread formula
compared with control samples.

These findings were in agreement with Abu-Hiamed'” that
the incorporation of 10% watermelon rinds into the diet of
hyperlipidemic rats caused a significant decrease in TC, TG,
LDL-Cand VLDL-C content of tested animals. Umbreen et a/*
indicated that fruit processing wastes such as mango peels
and apple pomace induced anti-hyperlipidemic effects against
increased lipid peroxidation, fatty liver disease and serum
lipids levels in hyperlipidemic rats.

CONCLUSION

Supplementation of wheat flour with WRF greatly
enhanced the fibre and minerals content for prepared balady
bread. Organoleptic characteristics of produced bread
revealed that up to 15% replacement of WRF gave good
quality properties and lead to reducing body weight and
serum lipid profile of hyperlipidemic rats.

SIGNIFICANCE STATEMENT

The study recommended that the 15% replacement of
WRF gave good quality properties and lead to reducing body
weight and serum lipid profile of hyperlipidemic rats by
feeding it on wheat flour (WF) supplemented with different
levels of watermelon rinds flour.
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