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ABSTRACT  

This study was aimed to throw the light on the nutritional quality of watermelon rind powder (WMRP) 
with regards its content of dietary fiber, nutrition minerals and antioxidants compounds. Moreover, to 
incorporation the WMRP as a cheap source in a manufacture of pan bread partially instead of wheat flour. 
Furthermore, the addition effect of WMRP at different levels (3, 6, 9 and 12%) on some important quality 
properties such as rheological, physical and chemical properties, and therefore the effect of incorporating 
WMRP on sensory attributes of pan bread produced. The present results showed that more than 38 % from the 
total weight of the watermelon fruit as the waste may be used as a good source of the dietary fiber and macro 
and micro-nutrients in food processing in addition, the watermelon rind powders are considered a good source 
of crude fiber (16.8 %) and ash (minerals) (12.93%) also watermelon rind powders is considered as good source 
of indispensable amino acids and  contained considerable amount of phenolic compounds (230.61 mg /100g) 
and flavonoid compounds (381.15 mg /100g). The rheological study by using mixolab measurements of tested 
pan bread doughs was appeared increasing in stability and better product conservation by addition of 
watermelon rind powder. The Physical characteristics of pan bread partially substituted of  wheat flour with 
watermelon rind powder such as specific volume was gradually decreased with increasing watermelon rind 
powder, but this decrease was more obvious in case of pan bread making with 9 and 12 % watermelon rind 
powder substitution level. Total phenolic and flavonoid compounds in pan bread partially substituted of wheat 
flour with watermelon rind powder at level  3, 6, 9 and 12% was ranged  from  7.47 - 25.22 and 11.46 - 29.15 
mg /100g respectively. In addition substitution of wheat flour with watermelon rind powder led to 
supplementation of produced pan bread by considerable amounts of natural antioxidants especially in samples 
substituted at level 9 and 12 % watermelon rind powder which having a numerous beneficial effects in human 
health. The organoleptic quality attributes of pan bread showed there was no significant variation between 
control sample and others containing of watermelon rind powder up to 6% for all tested organoleptic properties 
(Shape, Odor, Taste, Crust color, Crumb color, Crumb texture and overall acceptability) and also described as 
excellent properties when compared to the control sample. Therefore, the present findings recommended that the 
watermelon rind should be utilized for supplementation and enhancing quality attributes of pan bread which 
having a numerous beneficial effects in human health. 
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Introduction 

Agrowaste the large volumes of solids waste, resulting from the production, preparation and 
consumption of fruit and vegetable. These wastes pose potential disposal and pollution problems along with loss 
of valuable biomass and nutrients. There is a potential for conversion of agrowastes into useful products or even 
as raw material for other industries. The utilization of wastes of fruit and vegetable processing as a source of 
functional ingredients is a promising field (Schieber et al., 2001). Moreover, due to stringent national 
international regulations, the waste management has become inevitable. Food industry is going to face great 
challenges, such as to minimize wastes arising from processing operations and to utilize the by-products and to 
treat and dispose the wastes along with sustainable production. 
 Bioconversion of agrowastes is receiving increased attention regarding the fact that these matters 
represent a possible and utilizable resource for conversion into useful products (Martin, 1998).  

Watermelon is an important crop grown in the warmer regions of the world. Half of a watermelon fruit 
is edible while the other half, consisting of about more 35% rind and 15% peel goes to waste (US Department of 
Agriculture, 2004). Watermelon is utilized for the production of juices, nectars and fruit cocktails, etc. (Ahmed, 
1996 and Bawa and Bains, 1977) whereas major by-product "the rind" is utilized for the products such as pickle, 
preserve, pectin and other products, etc. (Godawa and Jalali, 1995 and Hasan, 1993).    

Watermelon contained citrulline compound, which was non-essential amino acid first identified from 
the juice of watermelon.  Citrulline is used in the nitric oxide system in humans and has potential antioxidant 
and vasodilatation roles (Rimando and Perkins-Veazie, 2005). The watermelon rind contains citrulline in high 
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quantities as reported by Rimando and Perkins-Veazie (2005) whereas they found that the watermelon rind is a 
rich source of citrulline and may yield a useful product from an agricultural waste.  

Also, watermelon is one of the main vegetable crops grown and consumed all over the Mediterranean 
basin. It is much appreciated as an excellent refreshing summer fruit. Besides vitamins (A, B, C and E), mineral 
salts (K, Mg, Ca and Fe), and specific amino acids (citrulline and arginine), watermelon provides a wide variety 
of dietary antioxidants such as carotenoids and phenolics (Perkins- Veazie et al., 2002 and 2007). Natural 
compounds, particularly lycopene, ascorbic acid and dehydroascorbic acid, flavonoids and other phenolics, have 
recently stimulated great attention because of their antioxidant activity against free radicals, suggesting 
protective roles in reducing the risk of certain types of cancers, cardiovascular diseases and age-related 
degenerative pathologies (Rice-Evans et al., 1996; Giovannucci, 1999 and Rao, 2006). Watermelon contains 
moderate but significant quantities of phenolics (Perkins- Veazie et al., 2002 and Brat et al., 2006). Among 
phenolics, flavonoids reduce low density lipoprotein (LDL) oxidation and quench reactive oxygen radicals, 
decreasing thereby the risk of cardiovascular diseases and cancers (Pietta, 2000 and Lila, 2004). Although the 
biological effect of flavonoids is, in general, attributed to their antioxidant activity, recent investigations indicate 
that they might affect signaling pathways in animal cells (Williams et al., 2004). 

The therapeutic effect of watermelon has been reported and has been ascribed to antioxidant 
compounds (Leong and Shui, 2002 and Lewinsohn et al., 2005). The citrulline in watermelon rinds gives it 
antioxidant effects that protect you from free-radical damage. Additionally, citrulline converts to arginine, an 
amino acid vital to the heart, circulatory system and immune system. These researchers speculate that 
watermelon rind might relax blood vessels as cancer and cardiovascular diseases (Rimando and Perkins-Veazie, 
2005). The rind is usually discarded; they are edible, and sometimes used as a vegetable. 

Bread is an important staple food made of wheat flour, salt and yeast, and consumed worldwide (Fan et 
al., 2006). Nowadays consumers prefer to eat healthier foods in order to prevent non-communicable diseases. 
For this reason industry and researchers are involved in optimizing bread making technology to improve the 
variety, quality, taste and availability of food products such as bread (Hathorn et al., 2008). Among the 
ingredients that could be included in bread formulation there are herbs and spices, which are important part of 
the human diet. They have been used for thousands of years to enhance the flavour, colour and aroma of food 
and also for their preservative, anti-oxidative, antimicrobial and other medicinal values (Ali et al., 2008). 

Cereals are considered to be the best vehicle for fortification in developing countries, because 95% of 
the population consumes cereals as a dietary staple. Wheat flour is a staple food of the population and it 
provides more than 50% of the total energy intake. Cereals are relatively inexpensive, and are grown and 
consumed worldwide by all economic classes. (Saeed et al., 2011). The prohealth effect of whole grain products 
is connected with the high content of polyphenol antioxidants that are important in the control of degenerative 
diseases in which oxidative damage has been implicated (Gawlik-Dziki et al., 2012 and Lim et al., 2011). 
Unfortunately, many bioactive compounds found in the grain, especially antioxidants (phenolic compounds), are 
particularly concentrated in the bran and aleurone layer (Mateo-Anson et al., 2010). Nowadays, the food and 
agricultural product processing industries generate substantial quantities of phenolic-rich by-products, which 
could be valuable natural sources of antioxidants to be employed as ingredients. Phytochemicals, including 
phenolic compounds, are suggested to be the major bioactive compounds contributing to the health benefits of 
fruits, vegetables and grains (Mateo-Anson et al., 2010 and Roldan et al., 2008).  

This study was aimed to throw the light on the nutritional quality of watermelon rind powder (WMRP) 
with regards its content of dietary fiber, nutrition minerals and antioxidants compounds. Moreover, to 
incorporation the WMRP as a cheap source in a manufacture of pan bread partially instead of wheat flour. 
Furthermore, the addition effect of WMRP at different levels (3, 6, 9 and 12%) on some important quality 
properties such as rheological, physical and chemical properties, and therefore the effect of incorporating 
WMRP on sensory attributes of pan bread produced. 
 
Materials and methods: 

 

Materials 

Raw materials: 

Watermelon Fruits (Citrullus lanatus) used in this investigation were obtained from local market in 
Cairo, Egypt. Waste materials used were namely watermelon rinds (WMR). Soft wheat flour (72% extraction) 
was obtained from The Five Stars Co. Adabia, Suez, Egypt. Instant active dry yeast, shortening, sugar (sucrose) 
and salt (sodium chloride) were purchased from the local market, Cairo, Egypt.  
 

Chemicals: 

All chemicals used in this study for chemical analysis were analytical grade and purchased from El- 
Gamhouria Trading Chemicals and Drugs Company, Egypt. 



1053 
Middle East J. Appl. Sci.., 4(4): 1051-1064, 2014 

Methods: 

Preparation of watermelon rind powders: 

The watermelon rind was separated from the washed fresh watermelon fruits and cut into small pieces 
by a sharp knife for water removing by spread in trays of air dryer, and dried at 50±5°C till its moisture content 
reached to 11%, and then the dehydrated pieces were ground in a laboratory disc mill (Braun AG Frankfurt 
Type: KM 32, Germany) to fine powder. 
 

Pan bread processing: 

The straight dough process was performed in pan bread preparation according to the method described 
by Curie et al. (2002). The ingredients were: 100 g wheat flour, 1.5 g instant active dry yeast, 2.0 g salt, 2.0 g 
sugar, 3.0 g shortening and water (according to farinograph test). All ingredients were placed in a mixing bowl 
at 28 ±2.0°C and mixing for 6 min, after mixing, the formulated dough was rounded manually by folding for 20 
times, then the bulk dough was leaved to rest for 10 min. The prepared dough (120 g) was placed in lightly 
greased a baking pan (5 · 9 · 8). The dough were proved for 80 min in a cabinet at 30± 0.5 °C and 85% relative 
humidity then baked for 20 min at 250 °C in an electrical oven. Before measurements, the baked breads were 
cooled at room temperature (25± 2.0 °C) for 60 min and then packed in polyethylene bags and stored for 6 days 
at room temperature (25± 2.0 °C).  
 

Physical and Chemical analysis: 

Bread loaf weight (g) was recorded after cooling for 1 h, bread loaf volume (cm3) was determined by 
rape seed displacement method as described by A.A.C.C., (2002), and specific volume (cm3/g) of pan bread 
was calculated by dividing volume by weight. Moisture, protein (N×5.7), ether extracts, ash and fiber were 
determined in tested samples according to A.O.A.C., (2005). Total carbohydrates were calculated by difference. 
Total carbohydrates (%) = 100 ـ(% moisture + % crude protein + % fat + % ash). Minerals contents (Na, K, Ca, 
Mg, P, Fe and Zn) were determined in watermelon rind powder according to the standard method of A.O.A.C., 
(2005) by using atomic absorption spectroscopy technique (GBC, Model 932AA, Australia). The amino acids 
profile of watermelon rind powder was determined as described by Cosmos and Simon-Sarkadi (2002) using 
automatic amino acid analyzer (model: AAA 400).   

 

Rheological properties testing:  

Dough rheological investigations were performed by Mixolab (Chopin, Tripette et Renaud, Paris, 
France) according to A.A.C.C. (2010). 
             
Table 1: Mixolab parameters used in Chopin + protocol 

Settings Values 

Mixing speed 80 rpm 

Dough weight 75 g 

Tank temperature 30 °C 

Temperature 1ed step 30 °C 

Duration 1ed  step 8 min 

1ed  temperature gradient 15 min – 4 °C /min 

Temperature 2ed  step 90 °C 

Duration 2ed  step 7 min 

2ed  temperature gradient 10 min – 4 °C /min 

Temperature 3ed step 50 °C 

Duration 3ed  step 5 min 

Total analysis time 45 min 

 

The typical Mixolab curve, showing the following parameters: water absorption (%) – WA or the 
percentage of water required for the dough to produce a torque of 1.1; dough development time (min) – DDT or 
the time to reach the maximum torque at 30 °C; stability (min) or time until the loss of consistency is lower than 
11% of the maximum consistency reached during the mixing,; initial maximum consistency (Nm) - C1, used to 
determine the water absorption; torque at the end of the holding time at 30 °C (Nm) – C1.2; mechanical 
weakening (Nm) - the torque difference between C1 and C1.2; minimum consistency (Nm) - C2, the minimum 
value of torque produced by dough passage while being subjected to mechanical and thermal constraints; 
thermal weakening (Nm) - the difference between the C1.2 and C2 torques; pasting temperature (°C) – the 
temperature at the onset of this rise in viscosity; peak torque (Nm) - C3, the maximum torque produced during 
the heating stage; peak temperature (°C) – the temperature at the peak viscosity; minimum torque (Nm) – C4, 
minimum torque reached during cooling to 50°C; breakdown torque (Nm) – calculated as the difference 
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between C3 and C4; final torque (Nm) – C5, the torque after cooling at 50°C; setback torque (Nm) - the 
difference between C5 and C4 torque, is illustrated in Figure (1). 

 
    The Mixolab Profiler. 

 

 
Fig. 1: Description of a typical curve obtained in the Mixolab. The numbers indicate the different areas detected 

in the curve according to the wheat bread dough changes. (1) Dough development. (2) Protein 
reduction during heating. (3) Starch gelatinization. (4) Amylase activity. (5) Starch gelling due to 
cooling. (Kahraman et al., 2008). 

 

Total phenols content: 

 

The amount of total phenolics in the watermelon rind powder and pan bread produced was determined 
colorimetrically as described by Singleton et al. (1999). In fact, 50 ml of methanol 80% was added to 5 g of the 
tested samples. The mixture was homogenized then centrifuged at 5,000 rpm for10 min. This step was done 
twice, and supernatants were mixed together and concentrated with a rotary evaporator until a final volume of 
10 ml. Then, 10 ml of Folin-Ciocalteu reagent (FCR) (previously diluted 10-fold with distilled water) and 8 ml 
of Na2CO3 (75 g/L) were added to a suitable aliquot of the combined extracts, and the absorbance of the solution 
at 765 nm was measured after 2 h by using an UV/Visible spectrophotometer (Spekol 11 No. 849101, Carl Zeiss 
JENA). Gallic acid was used as a standard, and then the results were expressed in milligram per kilogram as 
Gallic acid per kg of dry weight. 
 

Determination of the total flavonoid content:  

 

  Total flavonoid was analyzed according to the method described by Bahorun et al., (2004). The 
absorbance of extracted flavonoids was measured at 510 nm on a spectrophotometer (Spekol 11 No. 849101, 
Carl Zeiss JENA) against the blank (distilled water). The total flavonoids content was expressed as mg rutin 
equivalents/100 g (dry weight basis). 
 
Sensory evaluation of pan bread: 

 

Sensory properties of pan bread were evaluated after cooling by 10 members from the Food Science 
and Technology Department, Faculty of Agriculture, Al-Azhar University, and semi training staff members of 
the Egyptian Baking Technology Center, Egypt comprise panelists group for Shape, Odor, Taste, Crust color, 
Crumb color, Crumb texture and  Overall acceptability according to the method described by Pyler (1973). 
 
Statistical analysis:  

 

All data were expressed as mean values ± SD. Statistical analysis was performed using one way 
analysis of variance (ANOVA) followed by Duncan’s Multiple Range Test with (P<0.05) degree being 
considered statistically significant. Statistical analyzed were made using the producer of the SAS software 
system program (SAS, 1997). 
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Results and Discussion: 

 

Today, there is an increasing grower and consumer demand for high-quality, healthful foods and food 
products. Food and Agriculture Organization (FAO) recommended an increased intake of low glycemic index 
(GI) foods, with emphasis on diabetics and subjects with impaired glucose tolerance (FAO, 1998). Since then 
consumers are becoming more aware of the relationship between diet and disease. Wholegrain cereals are 
example of low GI foods as they contain high concentration of dietary fibers which may slow sugar release 
(American Heart Association, 2003and Buttriss, 2006). Therefore, the food industry is focusing on producing 
functional foods based on various cereal wholegrain flours or addition different sources rich by fiber and other 
active ingredients (antioxidant…etc) such as agroweaste and food processing waste. 

Bread is an important staple food made of wheat flour, salt and yeast, and consumed worldwide (Fan et 
al., 2006). Nowadays consumers prefer to eat healthier foods in order to prevent non-communicable diseases. 
For this reason industry and involved in optimizing bread making technology to improve the variety, quality, 
taste and availability of food products such as bread (Hathorn et al., 2008). 
  

Average fruit weights and percentage yield for edible and non-edible portions of watermelon fruits:  

 
The mean average weight of edible and non-edible portions for ten watermelon fruit at different sizes 

(Mean ± SE) is listed in Table (2). The obtained results from the dissection of the watermelon fruit, on a fresh 
weight basis, the red pulp as the edible portion represented about 54.42 % of the watermelon fruit. Thus, the 
remaining of the watermelon fruit represented about more than 45.56 % from the total weight as waste (non-
edible), this rest of the plant can be considered as a processing by-product (US Department of Agriculture, 
2004). 
 
Table 2: The mean average weight (Mean ± SE) of edible and non-edible portions of watermelon fruits. 

Watermelon 

size 

Total 

Weight of  

Fruit 

(gm) 

Weight (gm) of different portions for watermelon 

The edible red parts 
Non edible parts 

(rind or by-products) 

The red flesh 

watermelon 

(gm) 

Whole peel (gm) 
The inner white pulp 

of the rind (gm) 

The outer green 

skin of the rind(gm) 

*Big size 7950 4473.47±101.51 3476.55±98.65 3016.23±102.54 459.51±52.29 

*Medium 

size 
4180 2128.04±51.24 2051.09±81378 1628.11±61.17 423.14±36.75 

Means (gm) 6065 3300.75±79.54 2763.82±87.65 2322.17±66.32 441.32±45.32 

(%) - 54.42 45.56 38.28 7.27 

*Mean average weight of ten watermelon Fruits for each size  

 

Also, from the same former results (Table 2), it could be observed that the main average of the 
watermelon whole peel (rind) by-products used in this investigation was 45.56 % from the total weight of the 
watermelon fruit, on fresh weight basis, this percent of the waste can be utilized as an important substrate for 
production of industrially important products (Ahmed, 1996; Bawa and Bains, 1977 and Hour et al., 1980). 

The inner white pulp of  the rind also represent a significant proportion of the watermelon fruit were 
found to be as (38.28%) and they were considered too acceptable for use as a fiber and antioxidant supplements. 
On the other hand, the outer green skin of the watermelon rind found to be as (7.27 %) which was less 
acceptable for use as a supplement because of product discoloration from chlorophyll pigments. 

From the above discussion, it could be concluded that more than 35% from the total weight of the 
watermelon fruit as the waste may be used as a good source of the dietary fiber and macro and micro-nutrients 
in food processing. As previously mentioned these wastes pose potential disposal and pollution problems along 
with loss of valuable biomass and nutrients (Schieber et al., 2001). Other researchers reported, Watermelon rind 
(WMR) constitutes almost 30 % of whole fruit by weight and has been explored for value added products e.g. an 
ingredient in pickle, candy, vadiyam, cheese, etc., and biosorbent for the removal heavy metals (Liu et al., 2012 
and Al-Sayed and Ahmed, 2013). Unfortunately, more than 90% of WMR is still discarded indiscriminately 
constituting environmental challenges. 

Watermelon biomass can be categorized as three main components which are the flesh, seed, and rind, 
the flesh constitutes approximately 68% of the total weight, the rind approximately 30%, and the seeds 
approximately 2% (Kumar, 1985). 
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Nutritional Quality of watermelon rind powders: 

 

Gross Chemical Composition: 

 

The chemical composition of watermelon rind powders and Wheat flour are listed in Table (3), namely 
moisture, protein, ether extract, ash, dietary fibers and total carbohydrates, as well as demonstrate Minerals 
content of WMRP . It could be concluded that watermelon rind powders and Wheat flour contained a near 
amount of crude protein, which were found to be as 8.7 and 11.16%; respectively. 

 
Table 3: Chemical composition of watermelon rind powders (WMRP), as compared with wheat flour, and WMRP content of minerals  

compared to RDA.  

Chemical  
Composition (%) 

Wheat flour 
(72 % ) 

WMRP* 

Moisture 10.97±0.30 a 11.25±0.38 a 
Protein 11.16±0.24 b 8.70 ±0.28 a 
Fat  1.41±0.13 a 2.21±0.16 b 
Ash% 0.73±0.32 a 12.93±0.32 b 
Fiber% 1.53±0.20 a  16.8±0.20 b 
Carbohydrates  86.70±0.48 b   76.16±0.52  a 

Minerals content of WMRP* Mg/100g 

 WMRP **RDA (mg/ day) 
Sodium(Na) 530.77 2000-4000 
Potassium(K) 12.73 2000-4000 
Calcium(Ca) 276.22 800-1200 
Magnesium (Mg) 346.61 280-350 
Phosphorus (P) 273.28 800-1200 
Iron (Fe) 13.05 10-12 
Zinc(Zn) 2.50 12-15 

WMRP*:  Watermelon rind powder     **RDA: Recommended Dietary Allowances Food and Nutrition Board, (1989) (M±S.D) = Mean ± Std. 

Deviation, Values with different small letters in the same row are significantly different (p<0.05). 

  

          From the obtained data (Table 3), it could be also observed that ash and crude fiber contents were found 
in considerable amounts, which were represented about 12.93 and 16.8 % in watermelon rind powders, 0.73 and 
1.53% in Wheat flour; respectively. On the other hand, the watermelon rind powders had a higher percent of ash 
and fiber than those found in Wheat flour, on contrast, Wheat flour had higher amounts of total carbohydrate 
contents than those found in watermelon rind powders.  Thereupon, the watermelon rind powders are considered 
a good source of crude fiber and minerals. Therefore, it should be utilized in food fortification (Apsara and 
Pushpalatha, 2002). The above mentioned data are in accordance with those obtained by Al-Sayed and Ahmed 
(2013).  
          Also the data in (Table 3), elucidate the minerals content (macro and micro-elements) of WMRP. From 
data related with minerals content in WMRP (Table 3), it could be appear that, sodium was the major of macro-
elements in WMRP, which was represented about 530.77 Mg/100g. The same previous data (Table 3) also 
indicated that the WMRP contained a higher amount of macro-elements which is considered the most important 
of minerals such as calcium, magnesium and Phosphorus, which was found to be 276.22, 346.61 and 273 
mg/100g; respectively. As well as the same data in (Table 3), it could be noticed that WMRP contained a 
considerable amounts of both iron (13.05 mg/100g) and zinc (2.5 mg/100g) as the important of micro-elements 
when compared with the reference of minerals pattern (Recommended Dietary Allowances of minerals, 
(Letexier et al., 2003).  The above mentioned data are in accordance with those reported by Perkins Veazie et 
al., 2002 and 2007.  
 Thereupon, watermelon rind powder (WMRP) characterizes with its richness with the most tested 
minerals (macro and micro-elements), and therefore it should be reutilized from watermelon rind in food 
fortification. Generally, they are considered as a good source of macro and micro-elements. 
 
The Nutritional Protein Quality: 

The nutritional protein quality of watermelon rind powders was evaluated according to its content of 
indispensable amino acids (IAAs), in comparison to the reference protein pattern of FAO/WHO (1973), as 
presented in table (4). 
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Table 4: Amino acids composition of watermelon rind powder compared by the reference protein pattern of FAO/WHO.  

Watermelon rind powder 

Amino acids 

 
gm/100gm sample 

gm/100gm 

protein 

FAO/WHO 

gm/100g protein 
Amino acids score (%) 

 

indispensable amino acids  ( I.A.As)   

Threonine 0.13 1.13 4.0 28.35 

Valine 0.43 3.75 5.0 75.04 

Isoleucine 0.36 3.14 4.0 78.53 

Leucine 0.54 4.71 7.0 67.31 

Phenyl alanine 0.18 1.57 
6.0 

69.78 

Tyrosine 0.30 2.62 43.62 

Lysine 0.57 4.97 5.5 90.42 

Total I.A.As 2.51 21.90   

Dispensable amino acids ( D.A.As)   

Aspartic 0.76 6.63   

Serine 0.24 2.09   

Glutamic 1.14 9.95   

Proline 0.13 1.13   

Glycine 0.66 5.76   

Alanine 0.70 6.11   

Histedine 0.23 2.01   

Arginine 1.02 8.90   

Total D.A.As 4.88 42.58   

 

As shown in table (4), the watermelon rind powders contained a much higher exceptionally content of 
aromatic amino acids (Phenylalanine and tyrosine), lysine, leucine and valine, which are usually deficient in the 
most foodstuffs. Thereby, the amino acid score (A.S) for these IAAs was at considerable value and the amino 
acid score of lysine was nearly with the reference protein pattern. 
 As given in table (4), lysine, leucine and valine amino acids were the major indispensable amino acids  
in  tested watermelon rind powders, they were represented about 22.71, 21.53 and 17.38%; respectively. As well 
as glutamic and arginine were the major dispensable amino acids which were found as 23.37 and 20.90%; 
respectively. 

From the same table, it could be also observed that watermelon rind powders protein had adequate 
contents of all dispensable amino acids; especially glutamic, arginine, aspartic and alanine amino acids. 
Therefore, the incorporation of available watermelon rind powders in Egypt, into the pan bread and the other 
foodstuffs especially which deficient in aromatic amino acids (Phenylalanine and tyrosine), lysine, leucine, 
isoleucine and valine has a great economic value and a good standpoint in food technology and human nutrition.  
  Generally, watermelon rind powder is considered as good source of indispensable amino acids. The 
amino acids composition of watermelon was also investigated by Kim et al. (2009). Their results were relatively 
comparable with the present data. 

 
Quality criteria of pan bread as affected by partial substitution of wheat flour with watermelon rind powder 

(WMRP):  

 
The impact of replacement levels of watermelon rind powder as partially substituted from wheat flour 

in produced pan bread at different levels (0, 3, 6, 9 and 12 %) on the most important of quality characteristics, 
including gross chemical composition and some physical properties such as (Weight (g), Volume (cm3) and 
Specific volume (cm3/ g). In addition, sensory attributes of pan bread produced was studied as the following:  

   

Effect of partial replacement of wheat flour by different levels of WMRP on mixolab parameters as the 
rheological characteristics. 
 

That the rheological behavior of flour was studied using Mixolab, a new system which measures the 
torque produced by mixing the dough between two kneading arms, when dough is subjected to dual mixing 
and temperature constrains as reported by Banu et al. (2010a, 2010b and 2011). Also the Mixolab technique 
allows the complete characterization of the flours in terms of protein’s quality by determining their water 
absorption, stability, elasticity, and weakening properties. In addition, starch behavior during gelatinization 
and retrogradation (Kahraman, et al., 2008). 
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The results obtained from mixolab measurement of pan bread doughs partially substituted of wheat 
flour with watermelon rind powder are presented in (Table 5 and Fig. 2). 
 
Table 5: The parameters resulted of the mixolab for the doughs obtained from substitution of wheat flour with watermelon rind powder 

(WMRP). 

Mixolab parameters Wheat flour (Control) 
WMRP replacement percent added to wheat 

flour  
3% 6% 9% 12% 

Moisture content % 11.00 11.00 10.0 11.50 11.90 
Water absorption % 56.00 56.00 54.6 56.8 56.2 
Stability (min.) 8.97 8.17 9.42 9.40 10.18 

Dough 
development  

(C1) 

Formation time (min.) 1.42 5.10 5.13 5.18 4.73 
Torque (Nm.) 1.11 1.12 1.12 1.12 1.14 
Dough temperature (°C) 32.1 30.9 31.4 32.1 31.9 

Protein 
breakdown 

(C2) 

Formation time (min.) 18.78 18.6 18.62 18.70 18.35 
Torque (Nm.) 0.36 0.31 0.32 0.30 0.32 
Dough temperature (°C) 57.3 57.7 58.6 59.7 58.2 

Starch 
gelatinization  

(C3) 

Formation time (min) 27.1 24.62 24.88 24.77 25.47 
Torque (Nm.) 1.65 1.49 1.53 1.50 1.60 
Dough temperature(°C) 84.3 78.8 79.9 79.7 80.8 

Amylase 
activity  

(C4) 

Formation time (min:) 30.8 31.57 31.98 33.13 30.7 
Torque (Nm.) 1.59 1.36 1.31 1.24 1.23 
Dough temperature (°C) 87.6 85.8 86.4 84.30 87.1 

Starch 
gelling  
(C5) 

Formation time (min:) 45.05 45.03 45.03 45.02 45.03 
Torque (Nm.) 2.47 2.00 1.94 1.82 2.12 
Dough temperature (°C) 58.2 58.4 59.0 58.3 59.1 

 

 
Fig. 2: Mixolab profiles of pan bread doughs as affected by partial substitution of wheat flour with watermelon 

rind powder (WMRP). 
 

Data in (Table 5 and Fig. 2) clarify that moisture content of wheat flour used as control sample was 
11%, but in flour blend with watermelon rind powder was ranged from 11% to 11.9 %. Moisture content in the 
flour blend samples increased (accept 6% sample), with increasing of watermelon rind powder used in 
combination with wheat flour from 3 to 12 % (Table 5). Also water absorption of tested samples showed slight 
increase in samples contained 9 and 12 % watermelon rind powder. As relation to stability (min.) of tested pan 
bread doughs increased from 8.17 to 10.18 min. by increasing of watermelon rind powder from 3 – 12 % when 
compared with control sample. At the different stages mixolab parameters measurements it could be noticed that 
according to these characteristics the stability of tested samples was gradually increased when watermelon rind 
powder substitution level increased, while the viscosity was inversely proportional with substitution level 
increased. The gluten was weakening by mechanical mixing except sample contained 12% watermelon rind 
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powder. Also from mixolab parameters measurements (Table 5 and Fig. 2) it could be illustrated that amylase 
activity has declined in both the control sample and pan bread dough contained 12% WMRP. Also, from the 
mixolab curve, data obtained for the gelling and retrogradation temperature are decreased, which will probably 
mean better product conservation. 
 
Proximate Chemical Composition of the pan bread produced as affected by different replacement levels of 
watermelon rind powder. 
 

The Proximate Chemical Composition of the pan bread produced as affected by different replacement 
levels (3, 6, 9 and 12 %) of watermelon rind powder corresponding to control sample (without addition from 
watermelon rind powder) was listed in table (6). 

 
Table 6: Proximate Chemical Composition of the pan bread produced as affected by different replacement levels of WMRP. 

Chemical  
Composition (%) 

Wheat flour 

(Control) 

WMRP Replacement percent added to wheat flour 

3%  6%  9%  12%  

Moisture 36.61±0.32a  37.68±0.29a  39.72±0.22b  42.51±0.30c  43.77±0.31c  

Protein 11.68±0.22a  11.57±0.32a  11.45±0.29a  11.34±0.30a  11.22±0.27a  

Fat  2.15±0.12 a   2.22±0.15 a 2.40±0.17 b 2.54±0.10 c   2.61±0.14 cd   

Ash% 1.18±0.35a   1.62±0.29 b  1.94±0.33 c  2.34±0.27 d   2.75±0.25 e   

Fiber% 1.71±0.22 a   2.61±0.22 b   3.21±0.22 c   3.95±0.22 d   4.70±0.22 e   

Carbohydrates  84.99±0.46 a 84.59±0.42 a   84.21±0.49 a   83.78±0.52 a   83.42±0.55 a   

WMRP:  Watermelon rind powder     (M±S.D) = Mean ± Std. Deviation      Values with different small letters in the same row are 

significantly different (p<0.05). 

    

As shown in the obtained results (table 7), it could be noticed that the protein and carbohydrates 
content were slight decreased as the substitution level increased from 3 to 12% of watermelon rind powder in 
pan bread produced, which were ranged from 11.22-11.57 and 84.59-83.42% as compared with the control 
sample which were represented 11.68 and 84.99, respectively. Contrariwise fat was slight and gradually 
increased as the substitution level increased from 3 to 12% of watermelon rind powder as compared with the 
control sample. The same behavior was also observed for both ash  and fiber contents which were increased 
gradually by increasing the percent of watermelon rind powder from 3 to 12%, but this increase was more 
obvious in case of fiber content, whereas it was increased from 1.71 in the control sample to 4.70 % in pan 
bread contained 12% WMRP.   

Finally, it could be seen that as the levels of the watermelon rind powder increased in pan bread 
formula, the caloric value was decreased. These results may be due to a gradual reduction of carbohydrates as 
the results of replacement of watermelon rind powder and also increasing the fiber contents.    

Generally, it could be concluded that pan bread containing the watermelon rind powder had a good 
nutritional quality with regards protein, ash and crude fiber contents, in addition to fortifies the product with 
bulk substances, whose amount in the daily diet is insufficient (Al-Sayed and Ahmed, 2013).  

 
Physical properties (Weight, volume and specific volume) of pan bread produced by different replacement levels 
of WMRP: 
 

Bread is one of the fundamental food products, necessary in human nutrition. It is produced through 
baking dough made of flour, water, possibly also salt and other additives. The dough is usually subjected to 
fermentation, either natural or with the help of leavening agents. 

Depending on the basic material used, bread is generally classified as wheat bread, rye bread, mixed 
grain bread, and others – as pertains to the raw materials, the technology applied, etc. Bread quality depends on 
the properties of the raw materials and on the technological parameters applied in the process of production. The 
quality assessment of bread makes use of determinations of its physical properties, among which the most 
frequently tested are the volume, weight, and specific weight (true density) of bread.  

The effect of watermelon rind powder substitution level on Physical characteristics (Weight, volume 
and specific volume) of wheat pan bread is presented in Table (7).  

As shown in the obtained results (table 7), it could be noticed that the pan bread specific volume 
gradually decreased with increasing watermelon rind powder substitution level, but this decrease was more 
obvious in case of pan bread making with 9 and 12 % watermelon rind powder substitution level, whereas the 
specific volume was 6.92, 6.18, 5.84 and 4.42 cm3/ g for pan bread making with 3, 6, 9 and 12% watermelon 
rind powder substitution level; respectively, corresponding to 7.6 cm3/ g for pan bread making with 100% wheat 
flour. The same behavior was also observed in tested pan bread samples for volume, which was gradual 
decreased by increasing the percent of watermelon rind powder from 3 to 12%, whereas it was of decreased 
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from 1800 to 1175 cm3 when compared with 1900 cm3 recoded by pan bread making with 100% wheat flour. 
This finding is in agreement with that reported by (Taha, 2000). On contrary, the weight (g) of pan bread was 
gradual increased by increasing of watermelon rind powder substitution level from 3 -12%, which it was ranged 
from 260-266 (g) as compared with control samples (250 g). The former finding is in agreement with that 
reported by Aluko and Olugbemi (1989), who found that the lower volumes associated with composite as 
opposed to 100% wheat. This can be attributed to lower levels of gluten network in the dough and consequently 
less ability of the dough to rise and due to the weaker cell- wall structure. 

 
Table 7: Physical characteristics of pan bread produced by different replacement levels of WMRP. 

Treatments 
Pan bread Physical characteristics 

Weight (g) Volume (cm3) Specific volume(cm3/ g) 

Control 250±2.55 a   1900±3.55 e   7.60±0.54e   
WMRP3% 260±3.28 ab   1800±4.49 d   6.92±0.45 d   
WMRP6% 259±2.39 ab   1600±4.11 c   6.18±0.48 c   
WMRP 9% 257±2.15 ab   1500±3.84 b   5.84±0.51 b   
WMRP12% 266±3.11 b  1175±3.24 a   4.42±0.43 a   

(M±S.D) = Mean ± Std. Deviation, Values with different small letters in the same column are significantly different (p<0.05). 

 

Total phenolic and flavonoid compounds of watermelon rind powder, and its content in pan breads before 

kneading and after bread-making. 

 

Phenolics compounds have showed wide range of cumulative biological affects including anti-
inflammatory, antibacterial, vasodilator actions, ant- carcinogenic, antiviral, antithrombotic, antiallergic, and 
hepatoprotective affects (Haggag et al. 2011). The biochemical, chemical, epidemiological and clinical 
evidences support the chemoprotective effects of phenolic substances against oxidative stress facilitated 
disorders (Turner et al., 2005; Del Bano et al., 2006 and Jayaram and Dharmesh, 2011). Recent awareness 
regarding their anti-cancer potential built up a pressure on food and pharmaceutical industries to explore more 
and more phenolic resource and innovates efficient to utilization from the natural sources of  Phenolics 
compounds especially agrowastes by adding  extracts  or whole dried waste which was rich with Phenolic 
compounds to food as natural sources. Watermelon and watermelon rind contains substantial level of phenolic 
antioxidants (Al-Sayed and Ahmed, 2013 and Tlili et al., 2011). In recent decades, flavonoids have been the 
focus of much research, due to their potential as health promoting phytochemicals. Flavonoids exhibit 
antioxidant and antimicrobial properties and have been investigated extensively regarding their ability to lower 
the risk of cardiovascular diseases Volden et al., (2009).  

The health promoting phytochemicals including; total phenolic and total flavonoids contents as 
antioxidant compounds in watermelon rind powder, pan breads formula before kneading and after bread-making 
which are naturally occurred in watermelon rind powder were determined and the obtained results are shown in 
Table (8). 

From the obtained data (Table 8), it could be noticed that the flavonoids compounds content was the 
major antioxidants compounds found in watermelon rind powder, it was represented about 381 mg /100g.  The 
total phenolic in watermelon rind powder was lower than the total flavonoids which was 230.61 mg /100g as 
shown in Table (8).  

From the same Table (8), it could be also observed that the total phenolic content in pan breads formula 
before kneading and after pan bread-making at different level of partially substituted of wheat flour with 
watermelon rind powder was decreased from 11.96 in pan bread before kneading to 7.47 mg /100g in pan bread 
after bread- making at level 3% of WMRP, and from 32.55 to 25.22 mg /100g at level 12% of WMRP, as 
compared with the control sample which decreased from 5.06 to 2.26 mg /100g; respectively, on contrast, the 
total flavonoids was increased from 9.33 to 11.46 mg /100g at substitution  level (3%), and from 27.44 to 29.15 
mg /100g at substitution level (12%) as compared with control samples which was increased from 3.11 to 5. mg 
/100g pan breads formula before kneading and after pan bread-making; respectively.   

From the former discussion, it could be mentioned that all substitution level at 3, 6, 9 and 12% of pan 
bread partially substituted of wheat flour with watermelon rind powder led to supplementation of produced 
bread by considered amounts of natural antioxidants especially in samples substituted at level 9 and 12 % 
watermelon rind powder which having a numerous beneficial effects in human health. 
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Table 8: Total phenolic and flavonoid compounds (mg/100g) of watermelon rind powder and its content in pan breads before kneading and 

after bread-making. 

Properties 
WMRP* 

Wheat flour 

(Control) 

Substitution levels 

3% WMRP 6% WMRP 9% WMRP 12% WMRP 

 Pan Breads formula before Kneading 

Total Phenolics 

(mg /100g) 
230.61±2.55   5.06±2.55 a   11.96±2.55 b   18.85±2.55 c   25.64±2.55 d   32.55±2.55 e   

Total 

Flavonoids 

(mg /100g) 

381.15±2.55   3.11±2.55 a   9.33±2.55 b   15.60±2.55 c   21.23±2.55 d   27.44±2.55 e   

  Pan Breads after bread-making 

Total Phenolics 

(mg /100g) 
- 2.26±2.55 a   7.47±2.55 b   13.95±2.55 c   20.74±2.55 d   25.22±2.55 e   

Total 

Flavonoids 

(mg /100g) 

- 5.78±2.55 a   11.46±2.55 b   17.03±2.55 c   22.97±2.55 d   29.15±2.55 e   

WMRP*   watermelon rind powder         (M±S.D) = Mean ± Std. Deviation      Values with different small letters in the same row are 

significantly different (p<0.05). 

 

Sensory Quality attributes of pan bread partially substituted of wheat flour with watermelon rind powder 

(WMRP): 

 

The organoleptic quality attributes of pan bread partially substituted of wheat flour with watermelon 
rind powder as affected by the ingredients used in processing treatments. They also correlated significantly with 
physicochemical quality criteria of these products. Sensory evaluation, together with estimation the former 
criteria have been used extensively to assess the quality of pan bread. Therefore, the organoleptic quality criteria 
(Shape, Odor, Taste, Crust color, Crumb color, Crumb texture and overall acceptability) of pan bread partially 
substituted of wheat flour with watermelon rind powder levels (3, 6, 9 and 12 %) were evaluated. The means 
sensory scores of pan bread samples are presented in Table (9). 
 From the obtained data (Table 9), it could be exhibited that there was no significant variation between 
samples containing of watermelon rind powder up to 6% for all tested organoleptic properties (Shape, Odor, 
Taste, Crust color, Crumb color, Crumb texture and overall acceptability), and also described as excellent 
properties when compared to the control sample. Pan bread partially replacement of their wheat flour with 
watermelon rind powder at level 9 and 12 % characterized with high quality in all evaluated sensory 
characteristics which was having score ranged between 7.35 – 7.88  and 6.77 -7.35; respectively. As well as pan 
bread contained 12 % watermelon rind powder was recorded high score described as high quality except crust 
color and crumb color which were recorded 6.77  

In general, it could be showed that pan bread produced by partially replacement of wheat flour by 
watermelon rind powder at level 3 and 6% characterized with a good sensory properties and better acceptability 
when compared with control sample. 
 
Table 9: Sensory evaluation of pan bread produced as affected by different replacement levels of (WMRP). 

Sensory 

properties 

Wheat flour 

(Control) 

WMRP Replacement percent added to wheat flour 

3%  6%  9%  12%  

Shape 9.08±0.89a 8.85±0.72a 8.46±0.78a 7.35±1.20b 7.35±1.30b 

Odor  8.93±1.77a 8.96±1.56a 8.43±1.86ab 7.66±2.78cb 7.12±3.42c 

Taste  8.69±1.76a 8.81±1.19a 8.31±1.50ab 7.89±1.88b 7.16±2.53c 

Crust color 8.85±1.70a 8.96±1.32a 8.58±1.21a 7.77±1.66b 6.77±2.18c 

Crumb color  8.85±1.70a 8.96±1.32a 8.58±1.21a 7.77±1.66b 6.77±2.18c 

Crumb texture 9.08±0.89a 8.85±0.72a 8.46±0.78a 7.35±1.20b 7.35±1.30b 

Overall acceptability  8.885±7.40a 8.845±5.50a 8.440±6.18a 7.685±8.02b 7.095±10.71c 

(M±S.D) = Mean ± Std. Deviation,   Values with different small letters in the same row are significantly different (p<0.05). 

 
Conclusion 

Based on the former results, it could be concluded that the substitution process, which include different 
levels of watermelon rind powder (3, 6, 9 and 12%) as replacement had a noticeable effect on the characteristics 
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of produced pan bread. On the other hand, the pan bread produced from all substitution level was found to have 
excellent quality grade for all the evaluated characteristics (rheological, physiochemical and sensory quality 
attributes) when compared with control samples. Watermelon rinds powder is good sources of phenolic 
compounds, flavonoid compounds, dietary fiber, macro and micro elements, and considered as good source of 
indispensable amino acids. Pan bread formulated by replacement of its wheat flour with watermelon rind 
powder had bioactive components as compared to pan bread prepared with 100% wheat flour. Substitution of 
wheat flour up to 12 % is recommended to produce an acceptable pan bread.  

Finally, it could be recommended that using of watermelon rind powders must be defined to processors 
or manufacturers in food processing to produce Pan bread or other food products contained bioactive functional 
components which having a numerous beneficial effects in human health. 
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	Today, there is an increasing grower and consumer demand for high-quality, healthful foods and food products. Food and Agriculture Organization (FAO) recommended an increased intake of low glycemic index (GI) foods, with emphasis on diabetics and subjects with impaired glucose tolerance (FAO, 1998). Since then consumers are becoming more aware of the relationship between diet and disease. Wholegrain cereals are example of low GI foods as they contain high concentration of dietary ﬁbers which may slow sugar release (American Heart Association, 2003and Buttriss, 2006). Therefore, the food industry is focusing on producing functional foods based on various cereal wholegrain ﬂours or addition different sources rich by fiber and other active ingredients (antioxidant…etc) such as agroweaste and food processing waste.
	Bread is an important staple food made of wheat flour, salt and yeast, and consumed worldwide (Fan et al., 2006). Nowadays consumers prefer to eat healthier foods in order to prevent non-communicable diseases. For this reason industry and involved in optimizing bread making technology to improve the variety, quality, taste and availability of food products such as bread (Hathorn et al., 2008).



