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ABSTRACT 
The objective of this study was to evaluate the physico-chemical, microbiological and sensory 
properties of cakes containing two successful different concentrations (10 and 15%) from carrot, 
pumpkin and papaya powder as a partial replacement of wheat flour as carotene natural sources. The 
results showed that, total phenol and antioxidant activity were increased in  the cake containing 15% 
level of carrot, pumpkin and papaya powder. The greatest specific volume of cake, after replacement, 
was obtained with both 10% papaya and pumpkin powder with no significant difference from control. 
As the replacement level was increased, the height and volume of cake decreased. Sensory evaluation 
results showed that the cake with 10% carrot and pumpkin powder compared with control had no 
significant differences in terms of color, texture and appearance. The results showed also that cakes 
made from carrot, pumpkin and papaya powder with different levels, had a significantly higher β-
carotene content than that of control cakes. 100 g of cake contained carrot, pumpkin and papaya with 
different levels is an excellent source of vitamin A for children and adults (male and female). The staling 
rate was lower in samples contained carrot powder (10% and 15%), while the control was the highest. 
From the obtained results it could be suggested that carrot, pumpkin and papaya can be used as 
functional ingredients in cakes. 
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Introduction 

Carrot (Daucus carota L.) is one of the important nutritious root vegetables grown throughout the 
world and it is the most important crop of Apiaceae family, which is considered as a main source of 
vitamins (A, B, C) and beta carotene. It is also considered an important source of trace elements, in 
addition to some phytonutrients and an excellent source of calcium pectate and pectin that has 
cholesterol lowering properties, and reduces the risk of high blood pressure, stroke, heart disease and 
some types of cancer (Bystricka et al., 2015). Dried pomace has β carotene and ascorbic acid in amount 
of 9.87 to 11.57 mg and 13.53 to 22.95 mg per 100 g, respectively (Upadhyay et al., 2008). Dried carrot 
pomace can be used to develop exudates and flavours (Alam et al., 2013). 

Current scientific researches indicate that consumption of foods containing β-carotene helps in 
prevention of eye disorders, skin diseases and may reduce the risk of developing certain types of cancer 
and heart disease (Li et al., 2016).  

Pumpkin (Cucurbita moschata) belongs to the family of Cucurbitaceae and is widely grown 
throughout the world (Dhiman et al., 2009). It is a rich source of carotenoids, water soluble vitamins, 
phenolics, flavonoids polysaccharides, mineral salts and other bioactive substances that are beneficial 
to health (Aukkanit and Sirichokworrakit, 2016). Pumpkin can be processed into flour in an infrared–
hot air dryer (Ghaboos et al., 2018). This flour, has a longer shelf life, can be used as the concentrated 
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source of β-carotene in bakery products. Das and Banerjee (2015), reported that this flour could be used 
due to its flavour, sweetness, deep yellow-orange color and considerable amount of dietary fiber.   

Papaya (Carica papaya) belongs to the family of Caricaceae. It is an herbaceous plant that grows 
in tropical and subtropical countries. Phytochemicals, especially carotenoids and polyphenols, Carica 
papaya contains both macro and micro minerals (Sancho et al., 2011). Papaya powder can be used as 
an additive to wheat flour as composite flour to be used  in bakery products in term of flavouring, 
antioxidant activities, soluble dietary fiber, resistant starch and water holding capacity agents 
(Varastegani et al., 2015) 

Drying process of food is used to remove moisture, preventing microbial spoilage and 
deteriorated reactions. It improves quality of food preservation and reduces the weight of food for 
transportation and storage (Jangam et al., 2010). 

Cakes are largely consumed by children and adults. They are normally made with wheat flour.  
Cake, is prepared with natural sources of beta carotene, and would help to decrease the vitamin A 
deficiency, which is still common in Egypt.   

The objective of this study is to evaluate the best level of substitution with some natural sources 
of beta carotene as carrot, pumpkin and papaya powder in cake production to improve the nutritional 
value without effecting the physical and sensory properties of cakes. 
 
Materials and Methods 
 

Materials: 
Carrot, pumpkin and papaya were purchased from local market, Giza, Egypt. The cake 

ingredients, including wheat flour (flour was sieved through a 60 mesh to get 72% extraction), sugar, 
fresh eggs, milk, butter, vanilla and baking powder were purchased from a local market at Giza, Egypt. 
All chemical and solvents used in the analyses were of analytical grade and purchased from Merck, 
Darmstadt, Germany.  
                         
Methods: 
 

Preparation methods of raw materials 
Carrot, pumpkin and papaya were washed in tap water, hand peeled then cut into thin slices and 

then blanched in hot water containing 0.1 % sodium meta-bisulphite for 3 minutes. The slices were then 
dried at 60oC (10 hours for carrot and 24 hours for both pumpkin and papaya). The dried slices were 
grounded then sieved through a 60 mesh. The powder samples were packed in polyethylene bags and 
stored at ambient temperature prior use according to methods by Akubor and Eze, (2012); See et al., 
(2007) and Ukwuru and Ahmed, (2003). 
 

Preparation of cakes: 
The cakes were prepared according to the method described in AACC (2002). The formula is 

shown in Table (1). Cakes were baked for 25 min. at 180ºC then were cooled at the room temperature. 
The cooled cakes were packed in polypropylene bags at the room temperature prior to the 
physicochemical and sensory evaluation. 

The baked cakes were kept at the room temp (40±5o C) for 8 days and were analyzed every 2 days 
to determine the shelf life. 
 
Treatments: 

A pretest experiment (unpublished data) was carried out to select the best mix ratio and suggest 
the raw materials which could be chosen for this study. It was found that product of both of 5% and 
20% substitutions were unacceptable with respect to physical properties. Therefore, the best mixes 
which selected to carry out the complete study were 10% and 15% as shown in the following Table (1)  
 

Proximate composition of raw materials and cakes: 
Moisture, ash, protein, crude fiber and fat was determined according to the method of AOAC 

(2010). Total carbohydrates were calculated by difference. Total calories (Kcal) were calculated by the 
formula of James (1995) as follows: [(4×Protein) + (4×carbohydrate) + (9×fat)].  
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Minerals calcium (Ca), iron (Fe) and zinc (Zn), were determined using the Atomic Absorption 
Spectrophotometer (3300 Perkin-Elme) as described in AOAC (2012).   
 
Table 1: The suggested blends used for preparing cakes 

Ingredients (in gm) Control Carrot Pumpkin Papaya 
10% 15% 10% 15% 10% 15% 

Wheat flour (72% extraction) 100 90 85 90 85 90 85 
Carrot powder  - 10 15 - - - - 
Pumpkin powder  - - - 10 15 - - 
Papaya powder - - - - - 10 15 
Sugar  76 76 76 76 76 76 76 
Butter   54 54 54 54 54 54 54 
Egg 55 55 55 55 55 55 55 
Skim milk powder 7 7 7 7 7 7 7 
Vanilla 1 1 1 1 1 1 1 
Baking powder  8 8 8 8 8 8 8 

 
Determination of β-carotene: 

Beta-carotene was determined using the spectrophotometer (Spectronic 21D) method according 
to the method described by Amaya (2001). 

 
Determination of total phenolic:  

Total phenolic content was determined by the Folin–Ciocalteu micro-method according to 
Arabshahi-Delouee and Urooj (2007). 

 
Determination of antioxidant activity: 

The antioxidant activity of different cake was determined using DPPH assay according to Lee et 
al. (2003). 

 
Color measurement of cakes 

Crust and crumb color of fresh cake was measured with a Minolta Calorimeter (CR 200 Japan). 
Color readings were expressed by Hunter values for L*, a* and b* as described by See et al., (2007). 
 
Physical properties of cakes:      

Height (cm), volume (cm3) and weight (g) of three samples of cake from each treatment were 
recorded.  The cake was weighted after removal from the cup. Specific volume (cm3/g) and density 
(g/cm3) were calculated according to the method described in AACC (2002). Water and oil holding 
capacity were performed according to the method of Beuchat (1977). 
 
Sensory characteristics of cakes:  

After cooling for 2 h at room temperature, the sensory characteristics of cakes were judged by ten 
members from Experimental Kitchen Res. Unit., Food Tech. Research Institute, Giza, Egypt. The 
panelists were asked to score the characteristics of cake samples according to AACC (2000). 

 
Microbiological analysis: 

Total microbial count and yeasts / molds, in the different substituted cakes during different 
storage periods were determined according to AOAC (2000). 

 
Profile texture analysis of cake: 

Hardness of cake was estimated using CT3 Texture Analyzer (Version 2.1, 10000 Gram unit, 
Brookfield, Engineering Laboratories, Inc., USA), according to the method of AACC (2000) 
 
Water activity of cakes: 
  To measure the staling properties of the cakes, rate of staling were calculated from the 
differences of firmness 2, 4, 6, and 8 days of storage. Water activity (aw) was measured with a rotronic 
Hygro Lab EA10-SCS Switzerland) aw meter. The measurements were performed in triplicate. 
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 Water loss of cakes:  
The cakes were weighed and the percent of water loss was calculated as described by Hathorn 

et al. (2008) equation  
% loss = [Weight of cake (day1) –Weight of cake (day 2, 4, 6, 8)]*100 / weight of cake (day 1). 
 
Staling rate: 

The (firming) staling rate of cake samples calculated from the differences of firmness between 
2, 4, 6 and 8 days of storage compared with day of production). Staling rate was calculated as described 
by Ibrahim (2015). 

 
Statistical analysis:  

The data were statistically analyzed using SPSS 16.0 software. Means and standard deviations 
were determined using descriptive statistics. Comparisons between samples were determined using 
analysis of one-way variance (ANOVA) and multiple range tests. Statistical significance was defined 
at P≤ 0.05. 

 
Results and Discussion 
 
Proximate composition of raw materials 

Results in Table 2 indicated that pumpkin powder was significantly higher in protein, ash, Zn and 
β -carotene content than that of carrot and papaya powders. Papaya was significantly higher in 
carbohydrates, Fe and  Ca than carrot and pumpkin powders. The obtained data, for pumpkin, agreed 
with that found by See et al., (2007), who reported that protein, fat and ash in pumpkin were 9.65, 0.80 
and 5.37, respectively. Carrot powder was  significantly higher in fiber , total phenol and DPPH% 
(which gave 4.62 ,2.73 and 82.74%  respectively) compared with pumpkin powder and papaya powders. 
Data presented for papaya and carrot are in range of those reported by Gopalan et al., (1991) who 
reported the chemical constituents of carrot (as protein level was 6.43%, carbohydrate was 75.7%, crude 
fiber was 1.2%, total ash was 7.85%, Ca was 80 mg/100 g and Fe was 2.2 mg/100 g). Akubor and Eze, 
(2012) referred that the high water absorption capacity of the powders is due to the hydrophilic 
constituents such as carbohydrate and crude fiber. Water absorption capacity of flour is dependent 
mainly on the amount and nature of the hydrophilic constituents, some extent on pH and nature of 
protein (Akubor, 2016). 
 
Table 2: Chemical composition of the raw tested materials 

Papaya Pumpkin Carrot 
Wheat flour 

(72% extraction) 
Chemical analysis 

8.20 c±0.12 9.60b±0.09 6.16d±0.03 10.86a±0.05 Protein* 
0.92b±0.05 0.75c±0.03 0.23d±0.07 1.12a±0.02 Fat* 
4.59c±0.11 6.13a±0.02 5.05b±0.04 0.47d±0.07 Ash * 
2.26c±0.07 3.26b±0.03 4.62a±0.05 0.54d±0.12 Crude Fiber* 

84.09b±0.03 80.26c±0.07 83.94b±0.02 87.01a±0.03 Carbohydrates** 
12.5a±0.04 7.55b±0.12 2.21c±0.03 1.82d±0.05 Fe mg/100 

229.41a±0.12 166.47b±0.11 55.55c±0.07 35.74d±0.04 Ca mg/100 
0.97b±0.07 4.59 a±0.03 0.28d±0.04 0.39 c±0.12 Zn mg/100 
3.85 c±0.04 7.19 a±0.04 6.23b±0.05 0.11d±0.07 β-carotene 
2.43b±0.02 1.64 c±0.12 2.73a±0.03 0.46d±0.04 Total phenol 
55.19c±0.05 66.85b±0.04 82.74a±0.07 11.1d±0.03 DPPH % 
5.04 b±0.11 2.56 c±0.11 6.24a±0.02 1.58d±0.11 WHC % 
2.47 b±0.04 1.36 c±0.02 8.86a±0.11 0.70d±0.02 OHC % 

*Values (%) are means of three replicates ±SD, on dry weight basis. (Carbohydrates were calculated by difference). 

Proximate composition of cakes 

The results, in table (3), revealed that the substitution of pumpkin, carrot and papaya powder 
significantly affected the proximate composition of cake.  

Sunday and Dickson (1992) referred the increase in moisture content due to the higher water 
absorption capacity in carrot, pumpkin and papaya powders compared with wheat flour. Akhter et al., 
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(2016) illustrated that the hygroscopic nature of pumpkin powder is one of possible reasons behind the 
increase in moisture content. 

Data presented in Table (3) showed a decrease in the protein content of cakes prepared from 
wheat flour (72%) blended with carrot, pumpkin and papaya. The cake produced from wheat flour and 
pumpkin showed a slightly higher protein content compared with the two other substituted cakes, which 
could be due to the high protein in pumpkin powder (9.60), compared to carrot and papaya (6.16 and 
8.20, respectively).  

Fat content of cake samples ranged from 22.70 % to 22.82%. This pattern possibly occurred 
because of the binding effect of fiber on fat as illustrated by Bhat and Bhat (2013). While Varastegani 
et al., (2015) referred this decrease to the viscosity produced by the dietary fiber of papaya powder that 
prevents the fat extraction during the process of baking. 

The results, also, revealed that substitution with pumpkin, carrot and papaya powder increased 
ash contents in all cake samples. Cakes with pumpkin showed the highest increase. The same trend was 
observed in fiber content, but cakes with carrot showed the highest fiber value. See et al., (2007) 
reported that, adding pumpkin flour at different levels (5 %-15%) in composite flour showed an increase 
in ash and crude fiber with a decrease in fat and protein in both composite flour and substituted bread.  

Also, the content of Ca and Fe are reasonably high in different substituted cakes. These results 
revealed that in cakes with 15% papaya, a highest value of Fe and Ca were observed. While in adding 
15% pumpkin, Zn value was the highest (2.95 mg/100g). But all substituted cakes were higher than 
control. In a study on pumpkin blended cakes, Kiharason et al., (2017) recorded an increase in calcium, 
iron and phosphorus was observed compared to the control cake. 

On the other hand, energy content, showed a uniform trend of slight reductions with increasing 
carrot, pumpkin and papaya powder across all cake samples. See et al., (2007) reported that substitution 
of wheat flour with pumpkin flour led to a reduction in total carbohydrate content of breads. High fiber 
may be the reason for reduced calories when pumpkin, carrot and papaya powder in cake samples 
increased. 
 
Table 3: Nutritive value of cakes made from wheat flour (72%) blended with carrot, pumpkin and 

papaya powder 

Sample Control 
Carrot % in Cake Pumpkin % in Cake Papaya % in Cake 

10% 15% 10% 15% 10% 15% 
Moisture 21.45b ±0.15 21.60b±0.11 21.71b±0.13 22.30a±0.10 22.54a±0.14  21.95b±0.19 22.65a±0.16 
Protein 8.25a ±0.05 7.11f ±0.01 7.01g±0.01 7.95b±0.01 7.68c±0.01 7.29d ±0.01 7.20e±0.02 
Fat 22.82a ±0.01 22.76c±0.01 22.74c±0.02 22.79b±0.0 22.76c±0.02 22.74c ±0.01 22.70d ±0.01 
Ash 1.34f ±0.01 1.76d ±0.01 1.85c±0.01 1.96b±0.01 2.20a±0.10 1.57e±0.03 1.63e±008  
Crude Fiber 1.19g ±0.01 1.59c ±0.01 1.73a ±0.02 1.51d±0.02 1.65b±0.02 1.40f±0.01 1.49e±0.01 
Carbohydrate** 67.56b ±0.05 68.37a±002 68.40a±0.02 67.30c±0.01 67.36c±0.09 68.40a±0.03 68.46a±0.08 
Calorie (Kcal) 508.62a ±0.05 506.76c±0.13 506.31d±0.01 506.11d±0.01 505.00e±0.46 507.42b±0.13 506.94c±0.07 
Fe mg/100 1.170g±0.13 1.29f±0.09 1.40e±0.07 1.50d±0.67 1.66c±0.43 2.59b±0.03 3.05a±0.03 
Ca mg/100 48.08f±0.10 50.17e±0.09 51.08e±0.07 53.08d±0.05 56.74c±0.04 103.23b±0.07 130.43a±0.06 
Zn mg/100 0.63f±0.03 1.19e±0.07 1.97d±0.61 2.55b±0.07 2.95a±0.06 1.99d±0.07 2.04c±0.05 
*Values are means of three replicates ±SD, on dry weight basis. Each mean value, within the same row, followed by the same 
letters is not significantly different at 0.05 level. ** Total carbohydrates were calculated by difference. 

 
Total phenolic compounds, β-carotene and antioxidant activity of cakes: 

As illustrated by Da Porto et al., (2000), the DPPH radical has been widely used to evaluate the 
free radical’s scavenging ability of various natural products and has been accepted as a model compound 
for free radicals originating in lipids. 

Data of the β-carotene, total phenolic and DDPH% of all cakes under investigation were presented 
in Table 4. The data revealed that with increasing of substitution level a significant increase in total 
phenol, β-carotene and DDPH% were detected. 

The current results indicated that an increase in β-carotene content was observed from between 
80.20 to 112.5% in cakes with 10 and 15% pumpkin powder, respectively. Wongsagonsup et al., (2015) 
reported a β-carotene content (of 94.93 μg/100 g) was obtained by the addition of 20% pumpkin flour 
in bread. Also, an increase in β-carotene ranging between 63.54-97.91% in cakes with 10 and 15% 
carrot powder, respectively (Table 4). Salehi et al., (2016) reported that increasing the level of 
substitution from 0 to 30%, carrot powder, increased the β-carotene content of cakes from 4.98 to 19.94 
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mg/100 g. The same trend for papaya substituted cakes which showed an increase in β-carotene ranged 
between 42.7 to 65.62% (Table 4).  

The amount of total phenolic components (TPC) in sample cakes are higher than that of control, 
ranging between 19.42-21.34 mg/100gm in cakes with 10 and 15% papaya powder, respectively. 
Varastegani et al., (2015) explained the increase was due to the high amount of TPC in papaya powder 
and the low amount of TPC in wheat flour. Carrot and pumpkin cakes follow the same trend. TPC 
ranging between 19.10 and 20.21 mg/100gm for cakes with 10 and 15% carrot powder and 16.51-18.11 
mg/100gm  for cakes with 10 and 15% pumpkin powder, respectively. 

The radical-scavenging capability of extracts on DPPH is a significant indicator of antioxidative 
activity as reported by Abdul Aziz et al., (2011). DPPH ranging between 12.07 and 15.55% for cakes 
with 10 and 15% carrot powder and 10.49-14.00% for cakes with 10 and 15% pumpkin powder, 
respectively. As for papaya cakes the increase was lower (9.37-11.77% for cakes with 10 and 15% 
papaya powder. The results agree with that reported by Varastegani et al., (2015), who found that the 
amount of DPPH radical scavenging activities of butter cookies increased significantly with the 
increasing levels of papaya powder. 
 
Table 4: Total phenolic compounds, β-carotene and DPPH % of cakes 

   Groups 
   
Samples 
Characteristics 

Control 
Cake 

Cake with Carrot Powder Cake with Pumpkin Powder Cake with Papaya Powder 

10% 15% 10% 15% 10% 15% 

β-carotene 
mg/100g 

0.96f±0.07  1.57d±0.05 1.90b±0.04 1.73c±0.04 2.04a±0.06 1.37e±0.07 1.59d±0.03 

Total phenolic 
mg/100g 

12.10f±0.05 19.10c±0.03 20.21b±0.04 16.51e±0.07 18.11d±0.07 19.42c±0.06 21.34a±0.04 

DPPH % 3.97e±0.21 12.07c±0.43 15.55a±1.11 10.49d±0.62 14.00b±0.86 9.37d±0.67 11.77c±0.20 

*Values are means of three replicates ±SD, on dry weight basis. Each mean value, within the same row, followed 
by the same letters is not significantly different at 0.05 level. 
 

Percentages of the recommended dietary allowances (% RDA) of vitamin A provided by cakes 
The potential contribution of any product to improve nutrient intake depends on the age and 

sex of consumers, since recommended intakes differ between major categories. Based on the β-carotene 
level and its conversion ratio to the daily RDA of vitamin A, the results in table (5) showed that, the 
percentage of RDA was higher. 
 
Table 5:  Percentages of the recommended dietary allowances (RDA%) provided from 100 gm Cakes 

samples   for Vitamin A for Males, Females and Children 

% RDA for 
children (400μg/d) 

% RDA for female 
(700 μg/d) 

% RDA for male 
(900 μg/d) 

Retinol 
(μg /100g) 

 

20.00 11.4 8.8 80 Control 
32.70 18.6 14.5 130.80 Cake 10% Carrot 
39.50 22.6 17.5 158.30 Cake 15% Carrot 
36.04 20.5 16.01 144.16 Cake 10% Pumpkin 
42.50 24.2 18.8 170.00 Cake 15% Pumpkin 
28.50 16.3 12.6 114.16 Cake 10% Papaya 
33.10 18.9 14.7 132.50 Cake 15% Papaya 

1 μg retinol=12 μg β-carotene = 1 μg of retinol activity. Vitamin A dietary reference intakes (μg RAE/day):  children 4–8 yr, 400; non-
pregnant women ≥14 yr, 700 men ≥14 yr, 900. 
(Food and Nutrition Board, Institute of Medicine, & National Academies, 2004) 

The FDA (1994) guidelines for nutrient content claims recommend that, a product can be 
considered a good source of vitamin A if it contains 10% to 19% of the recommended daily amount, 
and an excellent source if it contains 20% or more of the daily value per reference amount. The results 
in Table 5 showed that cakes made from carrot, pumpkin and papaya powder, with different levels (10 
and 15%), significantly higher in β-carotene content than that of control cakes. On the basis of these 
guidelines, 100 g of cake made from carrot, pumpkin and papaya with different levels is an excellent 
source of vitamin A for children. Also, they are considered as a good source of vitamin A for adults 
(male and female). 
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Physical Properties of Cakes  
One of the main quality characteristics of a cake is the porous structure that is formed through air 

bulb expansion and volume development during baking. The physical properties, including weight (g), 
volume (cm3), specific volume (cm3/g) and density (g/cm3) were determined, for control and different 
samples of cakes substituted with 10 and 15% carrot, pumpkin and papaya powder. The obtained results 
are shown in Table (6). 

Volume and height are a very important quality for cakes, which strongly influences consumer 
preference. The greatest cake height, after replacement, was obtained with 10% papaya and pumpkin 
powder with no significant difference than control. Volume of cakes with 10% papaya and pumpkin 
powder followed the same trend. As the replacement level was increased, the height and volume 
decreased.  

The specific volume of a cake can be used as an indicator of volume development and 
consequently of the porous structure of the product. Specific volume of substituted cake decreases with 
increasing substitution level of carrot, pumpkin and papaya powder from 10% to 15%. These results 
may be related to higher fiber composition of the substituted products. These results agreed with 
Wongsagonsup et al., (2015) who found that bread volume and specific volume significantly decreased 
with increase in level of pumpkin flour.  

As substitution increased, cakes yielded less volume upon baking, which means that the product 
is less aerated and denser. These results agree with that mentioned by Varastegani et al. (2015), who 
referred the decrease in the height and volume of substituted cakes to the high dietary fiber of carrot, 
pumpkin and papaya powder (44.57, 14.81 and 17.16%, respectively). These values were higher than 
that of wheat flour which gave 17.16%.  

Weight of substituted cake is increased with increasing substitution level of carrot, pumpkin and 
papaya powder from 10% to 15%. These results may be related to higher water holding capacity of such 
additive compared to wheat flour. As a result, the ability of these powders to absorb and retain water 
than wheat flour. These results were in agreement with that reported by Akubor and Eze (2012). 

 
Table 6: Physical properties of cakes made from wheat flour (72%) blended with carrot, pumpkin and 

papaya powder 
                                  Groups   

Samples Characteristics 

Control 
Cake with Carrot Powder Cake with Pumpkin Powder Cake with Papaya Powder 

10% 15% 10% 15% 10% 15% 

Height (cm) 7.90a±0.20 7.20bc±0.31 7.05c±0.25 7.90a±0.25 7.76ab±0.35 7.90a±0.15 7.76abc±0.25 

Weight (gm) 257.26d±2.82 273.72b±3.42 280.66a±2.69 258.26d±5.28 266.93c±5.09 258.59d±1.70 266.90c±5.09 

Volume (cm3) 692.68a±29.87 671.40c±21.79 664.94d±10.95 692.44a±31.87 681.07b±21.03 692.99a±10.69 683.27b±30.49 

Specific Volume (cm3/gm) 2.69a±0.12 2.45c±0.04 2.37d±0.09 2.67a±0.06 2.55b±0.05 2.65a±0.04 2.53b±0.09 

Density (gm /cm3) 0.37d±0.02 0.41b±0.01 0.42a±0.01 0.37d±0.01 0.39c±0.01 0.38a±0.01 0.39c±0.01 

aw 0.789a±0.01 0.784a±0.03 0.782a±0.02 0.778a±0.05 0.781a±0.03 0.778a±0.03 0.779a±0.05 

*Values are means of three replicates ±SD, on dry weight basis. Each mean value, within the same raw, followed by the same 
letters is not significantly different at 0.05 level. 

 
Color Measurements of Raw Materials and Cakes:  

Color is one of the most important sensory attributes that directly affect the consumer preference 
of any product. Special attention should be given to bakery products to attract the consumer attention.  

The color parameters of raw materials were measured and the results are shown in Table 7. 
Pumpkin flour has a lighter color (higher L value), more red color (higher a value) and increased 
yellowness (higher b value) than carrot and papaya. The yellow color of the carrot, pumpkin and papaya 
could have been caused by the carotenoids as illustrated by Dhiman et al. (2009) who stated that they 
are rich sources of β-carotene. 

Data represented in table (8) showed that, the color of the cake was significantly affected (p<0.05) 
by the addition of carrot, pumpkin and papaya flour.  Substituted cakes had a darker crust, with a 
significant decrease (p<0.05) in L and h. This may by caused by the Maillard browning and 
caramelization, which is increased by the additional sugar present in our additives as mentioned by 
Fayle and Gerrard (2002).  
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Table 7: Color parameters of the tested carrot, pumpkin and papaya powder 

Samples 
Color parameters 

L * a * b* c* h 

Carrot 39.90c±0.25 18.08a±0.09 43.50b±0.12 43.49a±0.15 65.16c±0.05 

Pumpkin 51.26a±0.05 18.55a±0.15 44.78a±0.25 42.84b±0.09 76.62b±0.12 

Papaya 47.36b±0.15 6.01b±0.21 43.70ab±0.05 43.25a±0.17 82.08a±0.25 

L*  = lightness color score are  a*   =  redness color score b*   =  yellowness color score   h    = the change of color shad 
Each mean value, within the same column, followed by the same letters is not significantly different at 0.05 level. 

 
Table 8: Color Parameters Measurements of Cakes 

    Groups   

Samples 
Characteristics 

Control 
Cake with Carrot Powder Cake with Pumpkin Powder Cake with Papaya Powder 

10% 15% 10% 15% 10% 15% 

Crust 

L * 54.50a ± 0.10 46.53b ±0.02 44.77c ±0.15  40.78d ±0.02  39.53e ±0.01  38.70 f ±0.10  36.03 g ± 0.02  

a * 12.97e±0.01 13.17d±0.01 13.80b ±0.01  14.54 a ±0.01 13.56c±.010 13.52 c±.02 13.80 b±.10 

b* 44.48b ±0.01 48.73a±0.02 40.95c ±0.01 36.43d ±0.01 35.44e ±0.01 33.28 g ±0.01 33.94 f ±0.01 

c*               46.32a±0.01 42.83c ±0.02 43.25b ±0.01 39.24d ±0.02 37.96e ±0.01 35.91 g ±0.02 36.63 f ±0.02 

h 73.83a±0.02 70.43c±0.15 71.24b ±0.02 68.23e±0.01 69.03d±0.02 67.91 f±0.01 67.81 f±.01 

Crumb 

L * 65.18a±0.01 60.23d±0.01 58.37 g±0.01 60.73 b±0.01 58.71c±.01 60.25 c ±0.01 59.01 e±0.02 

a* 44.00d±0.57 1.77b±0.01 2.53a ±0.01 1.06c±0.01 2.72a±0.01 2.42 a ±0.01 1.73 b±0.01 

b* 34.70g±0.01 46.57c±0.01 48.94a ±0.01 45.84d±0.10 48.22b±0.01 42.96 e±0.01 41.19 f±0.01 

c* 34.67g ±0.05 46.57c ±0.01 48.94a ±0.01 45.78 d  ±0.01 48.22 b±0.01 40.02 f±0.01 41.22 e±0.01 

h 98.88a±0.01 87.81c±0.02 87.02 e±0.01 88.65 b±0.01 86.77 f±0.02 86.77 f±0.02 87.61 d±0.01 

L*  = lightness  color score are  a*   =  redness color score b*   =  yellowness color score   h    = the change of color shad 
*Values are means of three replicates ±SD. Each mean value, within the same raw, followed by the same letters is not 
significantly different at 0.05 level 

 
The crumb color of samples was affected by the replacement of cake flour with carrot, pumpkin 

and papaya powders. In general, as additive level increased, the crumb color became darker. Also, the 
crumb of substituted samples significantly (p<0.05) increased in redness (a value) and yellowness (b 
value) but decreased in L value with a higher percentage of carrot, pumpkin and papaya powders (Table 
8). Such results agreed with Wongsagonsup et al., (2015) who reported that with increasing pumpkin 
flour levels, the yellowness increased. This difference in color may be attributed to the yellow color 
from carrot, pumpkin and papaya flour as mentioned by Salehi et al., (2016). Also, Maillard browning 
and caramelization play a role in the development of color.  
 
Organoleptic properties of control cake and different substituted cakes with carrot, pumpkin and 
papaya powder:  

The overall acceptability is one of the most important attributes because it is associated to the 
textural and sensorial properties of the food. Good sensory characteristics remain a key priority as a 
consumer choice criterion Noor Aziah et al., (2011). 

Data of organoleptic properties : appearance, color, flavour, texture and overall acceptability of 
substituted cakes are presented in Table (9). It was found that cake which was substituted with 10% of 
carrot and pumpkin powder had a non-significant difference, in color, as compared to control cake. This 
indicates that the addition of 10% of carrot and pumpkin powder did not result in undesirable changes 
in color. 

With 15% substitution, cakes were rated, by panalist, as a reddish crumb color and coarse crumb 
structure. However, all levels of substitutions were rated to be good in overall preference. These results 
agreed with Kim (1998), who reported that, the sensory  evaluations of  the cakes showed that 10% 
replacement, with carrot powder influenced crust color, crumb color, crumb texture,  and mouth-feel 
significantly. 
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Table 9: Organoleptic Scores of Different Cakes Made from Wheat Flour (72%) Blended with Carrot, 
Pumpkin and Papaya Powder 

   Groups   

Samples 
Characteristics 

Control 

Cake with Carrot Powder Cake with Pumpkin Powder Cake with Papaya Powder 

10% 15% 10% 15% 10% 15% 

Crust Color 9.10 a±0.87 8.70 ab±0.67 7.90 b±1.10 8.18 ab±0.98 7.80 b±1.87 7.60 b±0.84 6.44 c±1.67 

Crumb Color 9.10a±0.56 8.60a±0.51 7.60b±0.69 8.45a±0.82 7.60b±0.69 7.50b±0.70 6.77c±1.30 

Texture 9.20a±0.63 9.00a±0.94 8.00bc±1.15 8.63ab±1.2 7.60c±0.96 7.30cd±0.67 7.00cd±1.11 

Flavor 9.10a±0.73 8.70ab±0.82 7.70cd±0.94 7.72cd±0.78 8.40abc±1.07 8.10bcd±0.99 7.33d±1.00 

Taste 9.00a±0.81 8.80a±1.03 7.50bc±1.35 7.36c±0.8 8.50ab ±1.26 8.00abc±1.05 7.33c±1.22 

Appearance 9.30a±0.67 9.00a±0.94 7.80bc±1.22 8.63ab±1.2 7.80ab±1.03 7.40c±0.84 6.22d±1.09 

Overall 54.80a±4.02 52.80ab±3.93 45.60c±4.97 45.63bc±2.61 50.20c±5.32 41.20c±6.12 40.88d±6.41 

*Values are means of ten replicates ±SD. Each mean value, within the same raw, followed by the same letters is not 
significantly different at 0.05 level 

 
Effect of storage on cake quality 
 
Water activity: 

The water activity decreases during storage as shown in Table (10). The mean water activity 
values (aw) at the first and eighth day were 0.789 and 0.783, respectively, for control. Sample with 15% 
carrot powder showed the lowest aw at the start and after the whole period of storage (0.782 and 0.752 
respectively). This product is high in dietary fiber (44.57g/100g), as reported by Kim (1998). Ishida and 
Steel (2014) in a study on pan bread, reported that during shelf life, the samples showed reduced aw due 
to water loss.  

 
Table 10: Water activity of cakes during storage at room temperature 

Storage 
Days 

Control 
Cake with Carrot Powder Cake with Pumpkin Powder  Cake with Papaya Powder 

10 % 15 % 10 % 15%  10 % 15% 

zero 0.789 a ±0.002 0.784 a±0.003 0.782 a ±0.001 0.77 a ±0.005  0.781 a±0.003  0.778a ±0.005  0.779a±0.001 

2 days 0.788 a ±0.001 0.783 a±0.001 0.781 ab±0.001  0.777a ±0.005  0.773 a±0.001  0.776a ±0.001  0.776a±0.005  

4 days 0.786 ab±0.001 0.783 a±0.002 0.780 ab±0.001 0.776ab ±0.001 0.740 b±0.002  0.775ab ±0.002  0.775a±0.003 

6 days 0.785 ab±0.004  0.782 a ±0.007 0.777 b ±0.004  0.775ab±0.005 0.737 b±0.002 0.771b ±0.003  0.763b±0.004  

8 days 0.783 b±0.002  0.777 b ±0.004 0.752 c ±0.002 0.772 b±0.003 0.716 c±0.017  0.758c±0.002  0.753 c±0.007  

*Values are means of three replicates ±SD. Each mean value, within the same raw, followed by the same letters is not 

significantly different at 0.05 level. 

The influence of storage time on the water activity of cake crumb (Table 10) showed that no 
significant difference with any substitute, although a gradual decrease in water activity was observed. 
Czuchajowska and Pomeranz (1989) reported that, in general, the water activity increase in crust is 
mainly attributed to crumb dehydration.  
 
Microbiological attributes of cakes during storage: 

The microbiological count considered as a suitable monitor for the shelf life of cake production. 
The detection of the microbial count for cake samples during storage time at room temperatures is 
displayed in Table (11). The results indicated that there were no bacterial growth for cakes with 10% 
carrot, pumpkin and papaya powder up to day six. While cakes with 15% carrot, pumpkin and papaya 
powder showed bacterial growth after 8 days. The same trend is true for mold and yeast growth. 

Cakes prepared with carrot, papaya  and pumpkin powder had the lower values of the total 
bacterial count for all storage period compared with control cake. Our results may be due to the high 
content of total phenolic compounds in substituted cake with carrot powder compared with other 
treatments as shown in Table (3). 
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Reduction of aw often affects microbial growth, the predominant microbial culture and increases 
shelf life as a result of the reduced availability of water for the microbial growth. These results agreed 
with that mentioned by Eskin and Robinson (2001). Almost all microbial activity is inhibited below aw 
= 0.6, most fungi are inhibited below aw = 0.7, most yeasts are inhibited below aw = 0.8 and most bacteria 
below aw = 0.9, as reported by Fellows (2000). 
 
Table 11: Microbiological assays of cake samples during storage periods at room temperatures                      

Treatment  

                      

   Day 

 
Control 

Cake with carrot 
powder 

Cake with pumpkin 
powder 

Cake with papaya 
powder 

10% 15% 10% 15% 10% 15% 

Total count 
0 1x10 N.G N.G N.G N.G N.G N.G 
2 3x10 N.G N.G N.G N.G N.G N.G 
4 14x102 N.G N.G N.G N.G N.G N.G 
6 21x103 7x101 N.G 6x101 N.G 8x101 4x101 

8 43x104 2x101 4x101 3x101 9X101 18x102 17x101 

Yeast and mold 
0 N.G N.G N.G N.G N.G N.G N.G 
2 N.G N.G N.G N.G N.G N.G N.G 
4 8102 N.G N.G N.G N.G N.G N.G 

6 18x103 2x101 N.G 21x101 N.G 9101   N.G 

8 44103 9x10 4101 7x102 2X101 33x102 4x102 

*NG: No Growth 

 
Rate of staling of cake during storage                     

The (firming) staling rate of cake samples calculated from the differences of firmness between 2, 
4, 6 and 8 days of storage and day of production), was illustrated in (Fig.1). During storage, all samples 
showed an increase in firmness. Zobel and Kulp (1996) referred this firmness to the retrogradation of 
starch. Starch retrogradation occurs during the cooling period after baking, in which the amylose and 
amylopectin chains aggregate forming crystalline double helices stabilized by hydrogen bonds, leading 
to bread hardening.  

 

 
 
Fig. 1: Staling rate of cake samples during storage periods  

Rate 1 (difference between 2nd and zero time) 
Rate 2 (difference between 4th and zero time) 
Rate 3 (difference between 6th and zero time) 
Rate 4 (difference between 8th and zero time) 
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Substitution of cakes with carrot powder (10% and 15%) improved the texture of cake. Fig (1) showed 
that the rate of staling was lower in samples with carrot powder (10% and 15%), while the control was 
the highest. Gomez et al., (2003) reported that this may be due to the water holding capacity of fibre, 
in the present case, carrot powder, that avoids water loss, in the initial stage and also during storage. 
Also, with the possible interaction between fibre and starch that would delay the starch retrogradation. 
Firming is significantly decreased by increasing level of fiber due to water holding capacity of fiber is 
ability to retain moisture and increase degree of softness. Kang et al., (1990), reported that the addition 
of commercial dietary fiber, pectin and apple powder to cakes increased the water holding capacity and 
decreased the hardness and staling rate of cake. 
 

Moisture loss of cake during storage  
In general, moisture contents of the cake decreased during storage. The loss of samples weight 

reflected the loss in moisture content and the rate of retro-gradation (staling) has been studied by 
different physicochemical methods such as moisture content and loss in weight. 

During storage, the moisture content decreased for all samples (p<0.05) (Figure 2). Cauvain 
(1998) referred the moisture loss to various factors, including migration of water from crumb towards 
crust, water loss to the atmosphere caused by the permeability of the packaging, and starch retro-
gradation. Substituted samples had a higher moisture content compared to control, and kept higher on 
the other days. This agreed with Katina (2003) who mentioned that fibers absorb more water during the 
mixing stage and have high water retention capacity.  

Fig 2 showed that cakes with 10 and 15% carrot powder had the lowest moisture loss during the 
storage period and the higher was that of control. This indicated that cakes with 10 and 15% carrot 
powder had the highest retardation effect on the staling compared with other treatments. Hwang et al., 
(2018) said that unlike bread staling, hardening phenomena in cakes were not obvious. In sponge cake, 
eggs help to retain moisture during baking and also during storage.  

 

 

Fig. 2: Moisture loss of cake samples during storage periods 
 
Conclusion and Recommendations 

From the obviously results, it can be recommended that carrot, pumpkin or papaya powder 
could be successfully added as a function, natural nutrient source, with remarkable health benefits and 
increasing consumer acceptance. This study also revealed that carrot, pumpkin or papaya powder 
significantly enhances β-carotene content and total phenol and anti-oxidant activity in supplemented 
cake. 
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