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ABSTRACT  
The main objective of this study was to estimate the possibility of using watermelon rind as a 

fruit waste in the production of functional food. The watermelon rind was dried and grinded into fine 
powder and utilized in cake processing. Three processed cake samples were formulated by substitute 
the wheat flour with 5, 10 and 15% of watermelon rind powder and 100% of wheat flour was used as 
a control sample for comparison. All the cake samples were evaluated for proximate chemical 
analysis, physical properties, farinograph parameters, total phenolic contents, color, and sensory 
properties. Also, staling rate was investigated for all the cake samples during storage for three days. 
The results showed that the substitution of wheat flour by watermelon rind powder improved ash, 
fiber and total phenolic contents. Also, all the cake samples containing watermelon rind powder 
manifest a premium water absorption, dough development time and dough stability as a farinograph 
parameters. Moreover, the substitute of wheat flour by watermelon rind powder delay the staling rate 
of cake samples in contrast with control cake sample. The cake samples supplemented with 5% of 
watermelon rind powder found to be perfect in volume, crust color, crumb color and overall 
acceptability than those containing 10 and 15% of watermelon rind powder. Lastly, watermelon rind 
powder recommended to be utilized in providing functional cake with high benefit and excellent 
properties.   

Keywords: Watermelon rind powder, Cake, Farinograph parameters, physical properties, Staling and 

Total phenolics. 

Introduction 

There was a potential needs for conversion of agro wastes into a useful products or even as 
a raw materials for other industries. The utilization of fruit and vegetable wastes as a source of 
functional ingredients is a promising field (Schieber et al., 2001). 

Watermelon biomass can be categorized as three main components which are the flesh, seed 
and rind which approximately about 30% of the total watermelon weight (Kumar, 1985). Watermelon 
is utilized for the production of juices, nectars and fruit cocktails (Ahmed, 1996 and Bawa and 
Bains, 1977). People eat the watermelon flesh and throw the rind a way because of their 
unappealing flavor and so, it called waste. Watermelon rinds contain many hidden nutrients, 
Watermelon rind powder possess significant amount of moisture, ash, fat, protein and 
carbohydrates 10.61%, 13.09%, 2.44%, 11.17% and 56.00%, respectively (Al-Sayed and Ahmed, 
2013). According to watermelon rind nutritional value, it’s essential to find a way to use watermelon 
rinds in the formulation of different food products. 

Watermelon contains moderate but significant quantities of phenolics (Perkins- Veazie et 
al., 2002 and Brat et al., 2006). Watermelon rind contains citrulline in high quantities which 
gives it antioxidant effects that protect human from free-radical damage. Additionally, citrulline 
converts to arginine, an amino acid vital to the heart, circulatory system, immune system and 
relax blood vessels as cardiovascular diseases (Rimando and Perkins-Veazie, 2005). 

The bakery industries are one of the largest organized food industries all over the world and 
particularly cakes are one of the most popular products (Sindhuja et al., 2005). Bakery products are 
generally used as a source for incorporation of different nutritionally rich ingredients for their 
diversification (Sudha et al., 2007). So, the overall aim of this research is to process and preserve 
watermelon rind as a value add product and also, study the effect of adding watermelon rind powder 
on the cake properties. 
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Materials and Methods  
 
Raw materials: 

Watermelon fruits (Citullus lanatus) used in this investigation were obtained from local market, 
Cairo, Egypt. Waste material used was namely watermelon rinds (WR). Wheat flour (72 % 
extraction), sugar, fresh whole egg, baking powder, dry milk powder, vanilla, shortening and salt were 
purchased from the local market, Cairo, Egypt. 

 
Methods:  
 
Preparation of watermelon rind powder:  

The watermelon rind was separated from the washed fresh fruits, cut into small pieces, spread in 
trays to rinse water, dried at 50⁰C for 24 hours using solar drying, then ground in laboratory mill to 
fine powder. 

 
Processing of cake: 

Cake samples were prepared according to the modified method of Bennion and Bam Ford 
(1997). The control cake blend (C) was formulated from 100 g flour, 85 g whole fresh egg, 85 g 
sucrose, 55 g shortening, 3 g dry milk, 3.8 g baking powder and 0.6 g vanilla. Watermelon rind 
powder was substituted with wheat flour at 5, 10 and 15% to give three blends (WC5, WC10 and 
WC15), respectively. To prepare the cake, sugar and shortening were creamed together using a 
kitchen machine (Mighty setter-Electric portable hand mixer – with stand and stainless steel mixing 
bowl instructions, made in Japan). Flour, dry whole milk and baking powder were mixed together, 
then the mixture was added gradually to shortening, sucrose, egg, vanilla and beaten for 3 min using 
the mixing machine at low speed, then baked at 1800C for 30 min. Baked cakes were left to cool for 1 
hour at room temperature then bagged in polyethylene bags and stored at room temperature for 3 
days. 

  
Analytical methods: 

The watermelon rind powder cake were analyzed for moisture content, crude fiber and ether 
extract, total ash content and crude protein content according to A.O.A.C. (2000). Total carbohydrate 
was determined by difference. Total phenolic contents in cake samples were determined according to 
Singleton and Rossi (1965). 

 
Farinograph measurements: 

Farinograph measurements for fine wheat flour and various flour blends with watermelon rind 
powder were conducted using a Brabender farinograph (Duisburg, Germany). The following 
parameters were determined: water absorption capacity (WA), dough development time (DDT), 
dough stability (DS), mixing tolerance index (MTI) and degree of softening (DOS) after mixing 
dough for 12 min after reaching the optimum. 

 
Determination of physical parameter of cake samples: 

The weight and volume of cake samples were measured after 1 hour of baking according to 
Randez Gil et al., 1995. The ratio of volume to weight was also calculated to obtain the specific 
volume.  
 
Determination of color of cake samples: 

The crust and crumb color of cake samples were determined using Chroma meter (Konica 
Minolta, model CR 410, Japan) that calibrated with a white plate and light trap supplied by the 
manufacturer at Cairo University Research Park (CURP), Faculty of Agriculture, Cairo university. 
Color was expressed using the CIE L, a, and b color system (CIE, 1976). Three spectral readings were 
taken for each sample, Lightness (L*) (dark to light), redness (a*) values (reddish to greenish) and 
yellowness (b*) values (yellowish to bluish) was estimated. 
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Sensory evaluation of cake samples: 
Sensory properties of cake samples were evaluated after cooling by 10 trained panelist from 

Dessert Research Centre. Appearance, taste, odor, crust color, crumb color, crumb texture and overall 
acceptability of cake samples were evaluated according to the method of Plyer, (1973). 

 
Determination of staling in cake samples: 

Staling of cake samples were determined by measuring the alkaline water retention capacity 
(AWRC) according to Mahmoud and Abu-Arab (1989). 

 
Statistical analysis 

Statistical analysis was performed using one way analysis of variance (ANOVA). All tests were 
conducted at the 5% significant level.   

 
Results and Discussion 
 
Chemical analysis of cake samples: 

Table (1), showed that, the moisture content, total ash and crude fiber gradually increased as the 
substitution level of watermelon rind powder increased from 5 to 15 % compared to control sample, 
so it could be used as a functional food rich in fiber. According to reports by Guillon and Champ 
(2000) and Galisteo (2008), high dietary fiber intake has been proved to be beneficial for human 
health with reducing effect on colonic cancer. Maleki et al., (1980) reported that bread with high 
moisture content was initially softer and retained softer up to three days of storage than bread that was 
containing lower moisture. 
 
Table 1: Chemical analysis of cake containing watermelon rind powder cake different levels. 

Chemical analysis Control WC5  WC10  WC15  

Moisture 13.54d±0.01 13.84c±0.02 14.45b±0.013 15.35a±0.01 

Total Ash 1.50b±0.01 1.27b±0.01 2.34a±0.01 2.40a±0.01 

Crude Protein 15.3a ±0.15 14.68b±0.09 13.75c±0.11 12.45d±0.09 

Ether Extract 12.1a±0.01 11.18b±0.01 11.20b±0.01 11.30b±0.01 

Crude Fiber 7.63b±0.12 7.68b±0.16 8.38a±0.13 8.45a±0.12 

Total Carbohydrate 49.94c±0.01 51.38a±0.33 50.31b±0.21 50.15b±0.13 
(C) is control cake, (WC5) is the cake treatment with 5% watermelon rind powder, (WC10) is the cake treatment with 10% watermelon rind 
powder, (WC15) is the cake treatment with 15% watermelon rind powder.  Mean value ± Standard deviation of three replicates, means 
sharing the same letter in a raw are not significantly different at p≥0.05.  

 
Contrariwise, crude protein, ether extract and total carbohydrate content were slight decreased 

as the substitution level of watermelon rind powder increased from 5 to 15 % in cake, which were 
ranged from (14.68% - 12.85%), (11.18% - 11.30%) and (51.38% -50.18%) for crude protein, ether 
extract and total carbohydrate, respectively, as compared to the control sample which were 15.31%, 
12.1% and 49.94 %, for crude protein, ether extract and total carbohydrate, respectively. Our results 
were in accordance with data presented by El-Badry et al., (2014) and Hanaa and Eman, (2010).  

 
Effect of watermelon rind powder on total phenolic contents: 

The phenolic contents is an important factor when evaluating the quality of different food 
ingredients and their resistance to oxidation (Moure et al., 2001). Al-Sayed and Ahmed (2013) 
illustrate that watermelon rind powder is rich in phenolic compounds. As shown in figure (1), the total 
phenolic contents were significantly increase in all cake samples containing 

watermelon rind powder compared to control sample, but there were no significant difference in 
total phenolic contents of cake samples that containing watermelon rind powder. The incorruption of 
watermelon rind powder enhancement the total phenolic contents in cake samples. Our results were in 
accordance with those observed by El-Badry et al., (2014) who illustrated that the substitution of 
wheat flour in pan bread with watermelon rind powder led to produce pan bread with a considered 
amounts of natural antioxidants especially in samples substituted at 9 and 12 % watermelon rind 
powder, and thus having a numerous beneficial effects in human health. 
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Fig. 1: Effect of watermelon rind powder on total phenolic contents of cake. 

 
Effect of watermelon rind powder on farinograph parameters: 

Farinograph parameters reflect the dough properties during processing and the quality of the 
final product (Shahzadi et al., 2005; Kohajdová and Karovičová 2008). The farinographic parameters 
concluded that addition of watermelon rind powder influenced on dough properties by different ways 
(Table 2). 

Water absorption (WA) is the amount of water that the flour can absorb until the dough 
consistency reaches to 500 BU (Hallén et al., 2004). The incorruption of watermelon rind powder 
from 5% to 15% significantly increased the WA from 59.6% to 65.2% compared to the control 
sample (58.5%). Dough development time (DDT) represents the time required for the curve to reach 
its maximum height (Hallén et al., 2004). Data in table (2) clarified that there was a significant 
increment in the DDT values in samples containing watermelon rind powder if compared to the 
control sample, but there was no significant difference within cake samples containing watermelon 
rind powder. Dough stability (DS) of the dough is an indicator of the strength, which higher values of 
DS suggesting stronger dough (Rosell et al., 2001). From table (2), it was found that DS significantly 
increase as the watermelon rind powder increase. Where the highest value was observed with the 
WC15 sample (13 min.) followed by WC10 (12.5 min.) and WC5 (11 min.), while DS of control 
sample was 10 min. The increment in both DDT and DS may be due to the high content of dietary 
fibers especially which act as a food hydrocolloid (Ashoush and Gadallah, 2011). Also, from table (2) 
demonstrate that, as the level of watermelon rind powder increased the degree of softening decrease 
significantly.  

The same effect on the WA, DDT and DS was observed by Kohajdová et al., (2011) when 
using commercial apple fiber powder in cookies and Nassar et al., (2008) in the citrus by-products 
supplemented dough. Sudha et al., 2007 mentioned that, these increment may be caused by the greater 
number of hydroxyl group which exist in the fiber structure and allow more water interaction through 
hydrogen bonding. 

Table 2: Farinograph parameters of cake containing watermelon rind powder at different levels. 
Cake Samples Water absorption 

(%) 

Dough 

Development 

time (min) 

Dough 

stability 

(min) 

Degree of 

softening 
(BU) 

C 58.5d 1.0b 10.5d 40a 

WC5 59.6c 1.5a 11.0c 40a 

WC10 62.4b 1.5a 12.5b 30b 

WC15 65.2a 1.5a 13.0a 30b 

(C) is control cake, (WC5) is the cake treatment with 5% watermelon rind powder, (WC10) is the cake treatment with 10% watermelon rind 
powder, (WC15) is the cake treatment with 15% watermelon rind powder.  Means sharing the same letter in a column are not significantly 
different at p≥0.05.  
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Effect of watermelon rind powder on physical properties: 
Data in table (3) illustrated that, the utilization of watermelon rind powder in cake increased 

cake weight compared to the control sample. There is no significant differences in cake weight 
between the WC10 and WC15 samples. The same behavior was also observed in tested cake samples 
for volume where the volume values of the WC5 (50 cm3) and WC10 (47cm3) samples overcome the 
volume value of the control sample (42cm3). Also, it was noticed that, the incorporation of 
watermelon rind powder in cake enhanced the specific volume of cake samples where the specific 
volume were 1.2 cm3/g and 1.07cm3/g for WC5 and WC10 corresponding to 1cm3/g for the control 
sample.  

The same trend were observed with Hoque and Iqbal (2015) who reported that, the weights 
and volume of cake prepared from watermelon flour samples were higher than those of control cake; 
and also mention that, these increment may be due to presence of water absorbing matrix (oil, 
cellulose, hemicelluloses, lignin and other dietary fiber components) in watermelon rind powder 
which increased water holding capacity leading to enhancement of cake volume. Fiber holds the water 
which contributes to the higher weight than the composite flour of control cake sample (Cauvain, 
1996). Singh et al., (1995) announced that, the cake volume and specific volume significantly 
increased with increased level of type of fiber.  
 
Table 3: Effect of watermelon rind powder on physical properties of cake. 

Cake samples Weight (g) Volume (cm3) Specific volume 

C 42b 42c 1.0b 

WC5  42.19b 50a 1.2a 

WC10  43.9a 47b 1.07b 

WC15 43.5a 40d 0.91c 
(C) is control cake, (WC5) is the cake treatment with 5% watermelon rind powder, (WC10) is the cake treatment with 10% watermelon rind 
powder, (WC15) is the cake treatment with 15% watermelon rind powder.  Means sharing the same letter in a column are not significantly 
different at p≥0.05.  

 
Effect of watermelon rind powder on cake color: 

Color values of cake contained watermelon rind powder at different levels are given in table (4). 
Color parameters were expressed as L*, a* and b* values corresponding to lightness, redness, and 
yellowness, respectively. Crust and crumb color of cakes varied according to mixing level of 
watermelon rind powder in the cake samples. Our findings showed that there was a significant 
decrement in both L* and b* values of mixed cake with different watermelon rind powder levels, 
while there was no considerable effect in crust redness. With regard to crumb color, data in table (3) 
clarified that, the a* values was significantly increased and the L* values increased as the watermelon 
rind powder increased compared to the control sample, where the crumb color of cake samples 
containing watermelon rind powder become darker and more greenish. 

 
Table 4: Effect of watermelon rind powder on cake color. 

Cake 
samples 

Crust color Crumb color 
L* a* b* L* a* b* 

C 52.3a 14.28b 31.2a 66.54a 3.13c 34.64b 
WC5  52.44a 15.06 a 31.77a 64.43b 4.40b 33.69c 
WC10  47.16b 14.25b 27.54b 59.85c 6.08a 34.55b 
WC15 46.39c 14.55b 27.95b 59.15c 6.19a 35.55a 

 (C) is control cake, (WC5) is the cake treatment with 5% watermelon rind powder, (WC10) is the cake treatment with 10% watermelon rind 
powder, (WC15) is the cake treatment with 15% watermelon rind powder.  Means sharing the same letter in a column are not significantly 
different at p≥0.05.  

 
Our results were on harmony with those observed by Al-Sayed and Ahmed (2013). It was well 

known that during cake baking, the crumb, does not reach a degree above 100 °C, so the Millard 
reaction fail to take place. Therefore, the resulted crumb color of tested cake was due to the color of the 
used substituted materials and their interactions. Im and Kim (1999) also reported that, the addition 
of green tea powder affected the crumb color and caused a decrease in L* and b* values. 
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Effect of watermelon rind powder on sensory properties of cake: 
Cake samples under study were subjected to sensory evaluation. The appearance, crust color, 

crumb color, crumb texture, taste, odor and overall acceptability of cake samples were evaluated by 
10 trained panelist. The mean score for colors, flavor, texture and overall acceptability preference are 
presented in figure (2). The sensory scores of cake containing different levels of watermelon rinds 
powders were significantly affected. As the level of watermelon rind powder increased, the received 
score values in all the quality attributed significantly decreased. WC5 cake samples was the most 
acceptable samples as those of control cake sample.  

 

 

 
                Fig. 2: Effect of watermelon rind powder on sensory properties of cake. 
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Effect of watermelon rind powder on staling of cake samples during storage: 
The changes in staling rate of prepared cakes were determined by alkaline water retention 

capacity (AWRC) and were followed during 72 hours. Data presented in figure (2) showed that, the 
staling values of different cake samples were reduced gradually during storage. Higher AWRC% 
values were obtained at the beginning of storage period for cake samples, the higher significant 
AWRC% were found to be with the control samples followed by WC5, WC10 and WC15 samples. 
On the other hand, the staling values of different prepared cake samples were reduced gradually 
during storage period. There was a significant decrement in the AWRC% values as the storage period 
increase in all prepared cake samples. The lowest reduction rate in AWRC% values at the end of 
storage period was observed with the WC15 sample followed by WC10, WC5 and control sample, 
these means that replacement of wheat flour by 5, 10 and 15% watermelon rind powder caused a 
considerable improvement in cake freshness if compared to control sample. 

 
         Fig. 3: Effect of watermelon rind powder on staling of cake during storage. 
 

These trend of results were in accordance with those observed by Yousif and Faid (2014) who 
reported that the lower reduction in AWRC% values (high freshness) was noticed in bread samples 
which prepared by partial replacement of corn-rice flour with 30, 20 and 10% of sweet lupine and 
chickpea flours, respectively. Also illustrate that the increased in moisture content of bread samples 
makes it more tenderness and improved in bread freshness. Stauffer (2000) mentioned that, increasing 
the moisture content of bread increases its shelf life by later the rate of bread firming. 
 
Conclusion 

On the basis of the observed results, it could be concluded that the substitution of wheat flour 
by different levels of watermelon rind powder (5, 10 and 15%) had a noticeable effect on the 
characteristic of produced cake, where using watermelon rind powder was able to improve total ash, 
total fiber and total phenolic contents in cake samples. Also, use of watermelon rind powder 
enhanced both physical and farinograph properties of the produced cake. On the other hand, it 
was found that the incorporate of watermelon rind powder into cake affected its sensory 
properties, where cakes formulated with 5% and 10% watermelon rind powder found to be the 
most accepted samples as compared to the control sample. Finally, it could be recommended that 
watermelon rind powders could be used in manufacture of food products especially those kind 
reach in fiber due to their beneficial effects on human health. 
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