
  
 

 
 

 
 

ORIGINAL RESEARCH ARTICLE 
 

ADDITION OF PUMPKIN SKIN FLOUR IN PIZZA CHANGES THE PHYSICOCHEMICAL AND 
SENSORY ACCEPTABILITY OF CHILDREN 

 
1Wleizieli Butke, 2Mirelly Marques Romeiro Santos, 2Luane Aparecida do Amaral, 3Elisvânia 

Freitas dos Santos and *1Daiana Novello 
 

1Department of Nutrition, Midwest State University, Guarapuava, Paraná, Brazil 
2Faculty of Pharmaceutical Sciences, Food and Nutrition, Federal University of Mato Grosso do Sul, Brazil 

3Faculty of Pharmaceutical Sciences, Food and Nutrition, Nutrition Course, Postgraduate Program in Health 
 and Development in the Midwestern Region, Federal University of Mato Grosso do Sul, Brazil 

 
 

 

ARTICLE INFO  ABSTRACT 
 
 

The aim of the study was to evaluate the sensory acceptability among children of pizzas in which 
different levels of pumpkin skin flour (PSF) were added. Additionally, we wanted to determine 
the physicochemical composition of the control product and of the one with a higher PSF level, 
and which formulations would have an acceptability level similar to the control product. Five 
pizza formulations were developed with the addition of different levels of PSF: F1 (0%), F2 
(12%), F3 (18%), F4 (24%) and F5 (30%). Sixty-five untrained consumers, whose age varied 
between 7 and 10 years old, participated in the analysis. Greater scores for F1 (p < 0.05) were 
noticed for the look and colour attributes in comparison with F5. The F1, F2 and F3 formulations 
had superior scores in comparison with F5 regarding their smell. Similar results were noticed for 
the flavour and texture attributes, besides overall acceptance and purchase intent. The control 
pizza was the most accepted one in these evaluations (p < 0.05) in comparison with F4 and F5. 
Additionally, F2 and F3 got superior scores in comparison with F5. Therefore, we notice that 
addition levels superior to 18% of PSF in pizzas reduce their acceptability. There was no 
difference in the moisture and calorie levels between F1 and F3 (p > 0.05). However, greater 
levels of ash, protein, lipid and dietary fiber were noticed for F3. The F1 formulation presented 
greater levels of carbohydrate (p < 0.05). We may conclude that an addition level of up to 18% of 
PSF in pizza improves the product’s nutritional profile and is well accepted by the children. 
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INTRODUCTION 
 

Currently, food waste reduction is becoming a goal in many 
countries. Damages caused during food production include the 
economic sphere up to the food insecurity situation, especially 
in underdeveloped and developing countries. According to the 
Food and Agriculture Organization of the United Nations 
(FAO, 2016), just in Latin America, more than 127 million 
tons of food are annually wasted. Actually, the calculations 
show that the amount of wasted food could feed around 300 
million persons.  
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Fruits and vegetables are among the foods that present the 
greatest waste numbers, around 55% of their production, 
especially regarding their skins, leaves, stems and seeds. 
However, studies showed the sensory and technological 
viability of reusing these unorthodox parts as ingredients in 
new formulations and/or in those that are usually consumed by 
the population. Examples of enriched foods are cakes, breads 
and pies, to which manioc, potato and carrot skins are added, 
respectively (Souza et al., 2013; Fernandes, 2014; Gálvez et 
al., 2016). Additionally, it is possible to notice an 
improvement in the nutritional profile of the products, 
especially regarding their levels of minerals and fiber.  
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The pumpkin (Cucurbita sp.) has a great genetic variability 
and belong to the Cucurbitaceae family. They are natives of 
the Americas and are used to prepare several dishes. The 
Cucurbita máxima species is popularly known as pumpkin. It 
is classified as a fruit and is one of the five species produced in 
Brazil (Barbieri, 2012), especially at the Southeast and 
Northeast regions. In 2006, the pumpkin production in the 
country, along with other species (pumpkin and Cucurbita 
moschata), was of 384.9 thousand tons (IBGE, 2006), which 
indicates its elevated economic importance. The pumpkin may 
be consumed in several ways, mostly, in the preparation of 
candies, purees and typical dishes (Peccini, 2013; Pimenta and 
Mello, 2014). However, their skin is usually discarded, 
although it has high levels of protein (1.65 g.100g-1), 
carbohydrate (20.68 g.100g-1), dietary fiber (2.23 g.100g-1), 
lipid (0.87 g.100g-1), carotenoids (β-carotene 12.32 mg.100g-1; 
β-cryptoxanthin 0.66 mg.100g-1) and tocopherol (α-tocopherol 
0.96 mg.100g-1; -tocopherol 0.35 mg.100g-1) (Kim et al., 
2012). Considering this context, we underscore the importance 
of the development of new products that use alternative 
ingredients, such as the pumpkin skin. 
 
Children of school age (7 to 10 years old) present an elevated 
consumption of processed food and low ingestion of fruits and 
vegetables. These factors are linked to the increase of 
overweight and obesity cases thereof (Sparrenberger et al., 
2015). Consequently, children require continuous interventions 
whose purpose is to improve and/or establish healthy food 
habits to reduce the development risk of future non-
communicable chronic diseases (Ramos et al., 2013; Wade et 
al., 2016). In this subject, schools are a very favorable 
environment for learning, since children remain therein for a 
long period. Some interventionist actions related to nutritional 
education in school environments, such as workshops and 
theaters, for example, were already proven effective to 
increase their food knowledge, encouraging healthier habits. It 
happens because it can involve the participation of students, 
teachers and family, increasing their knowledge (Rito et al., 
2013; Moss et al., 2013; Santana et al., 2015).  
 
Pizzas are simple baked goods, prepared with fermented dough 
made of wheat flour and water. They usually present a circular 
shape and toppings made of several ingredients, sweet and 
salty, such as sauces, cheeses, meats, ice cream, etc (Morais et 
al., 2015; Bernklau et al., 2017). Pizzas may also be consumed 
in restaurants or even sold in supermarkets, frozen or cold, 
which are then cooked by the consumer (Dantas et al., 2016). 
According to the United Pizzeria Association of the State of 
São Paulo (APUESP, 2016), one million pizzas are daily 
consumed in Brazil and its internal market circulates around 
22 billion Brazilian reais annually. Pizzas are a food 
enormously enjoyed by all kinds of persons. Researchers have 
proven that pizza consumption is elevated among adults (1.7 
kg/year) (IBGE, 2011), while 22% of children report this food 
as one of their most favorite fast foods (Powell et al., 2015). It 
happens because pizzas are easy to prepare, have several 
flavours, and are largely sold, which ensure a quick and tasty 
snack for consumers. However, they also present high levels of 
fats and sodium (Hur et al., 2014), being one of the foods that 
most contribute for caloric strengthening (IBGE, 2011). In this 
context, the introduction of healthier ingredients in pizzas 
could encourage healthier food consumption.  
 
The introduction of new products in the market requires a 
rigorous evaluation of their characteristics, especially of those 

related to technological, chemical and sensory aspects. 
Sensory evaluations, for example, enable us to evaluate if the 
food will be accepted or chosen by consumers (Custódio et al., 
2015). As for the physicochemical analyses, they help us to 
characterize the nutritional quality and safety of the foods that 
will be sold. They also help us in food product technological 
innovations (Instituto Adolfo Lutz, 2008). In this context, the 
purpose hereof was to evaluate the sensory acceptability of 
pizzas made with different levels of pumpkin skin flour (PSF) 
among children. Additionally, we wanted to determine the 
physicochemical composition of the control product and of the 
one with a higher PSF level, and which formulation would 
have an acceptability level similar to the control product. 

 

MATERIALS AND METHODS  
 
Raw material: The ingredients were acquired in supermarkets 
of the city of Guarapuava, PR. We used pumpkins (Cucurbita 
maxima) that presented a better visual appearance, firm 
consistency, smooth surface, no imperfections and orange 
colour. 
 
Flour preparation: One hundred and ten kilos of pumpkin 
were cleaned under running clean water, sanitized (plunged 
into a sodium hypochlorite solution for 15 minutes) and 
cleaned again under running water. The skins (16.6 kg) were 
manually extracted (estimated thickness of 5 mm) and 
chopped. Then they were dried in a dehydrator (Pardal®, 
Brazil) with air circulation (65 °C) for 48 hours. After dried, 
they remained at room temperature (22 °C) until their 
complete cool down. The skins were shredded in a domestic 
blender (Britânia®, Brazil) and sieved through a sieve of 32 
mesh/Tyler openings (Bertel®, Brazil) until we got the PSF, 
whose yield was of 1.7 kg. 
 
Formulations: We prepared 5 pizza formulations: F1: control 
(0% of PSF) and in all others 12% (F2), 18% (F3), 24% (F4) 
and 30% (F5) of PSF were added. There percentages were 
defined through preliminary sensory tests performed with the 
product. Besides the PSF, the others ingredients used in the 
formulations were: enriched wheat flour (F1: 55%, F2: 43%, 
F3: 37%, F4: 31%, F5: 25%), water (21.2%), egg (14.03%), 
olive oil (3.75%), fresh biological baking powder (2.81%), 
granulated sugar (1.68%) and salt (1.68%). For the toppings, 
the following ingredients were used: tomato sauce (35.3%), 
mozzarella (35.3%), ham (28%) and oregano (1.4%). The 
pizzas were prepared by mixing wheat flour and PSF, 
according to the already described levels, biological baking 
powder, eggs, olive oil, sugar and salt. Water was gradually 
poured at a temperature of 40 °C. The dough was manually 
kneaded until the ingredients were completely homogenized. 
The pizzas were open with the assistance of a rolling pin and 
corn flour (10 g) sprinkled over a smooth surface. Then they 
were shaped into discs (14 cm of diameter and 0.5 cm of 
thickness) and laid into circular aluminum baking pans (35 
cm), where they rested (30 minutes) at room temperature (22 
°C) until their volume doubled. The formulations were pre-
baked in a semi-industrial oven (Venâncio®, Brazil), preheated 
at 250 °C for 7 minutes. Then they were covered with tomato 
sauce, cheese, ham and oregano and baked again at 250 °C for 
7 additional minutes. After this process, they rested until they 
cooled down to room temperature (22 °C). Each formulation 
was cut into 8 triangular pieces (4 cm x 7 cm) and stored in an 
airtight plastic container until the moment of the analysis.  
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Sensory analysis: Sixty-five untrained consumers participated 
in the research. They were children enrolled in a Municipal 
School of Guarapuava, PR, of both genders, whose age varied 
between 7 and 10 years old. The products were submitted to 
sensory analysis in a classroom. Each test was made 
individually, as the consumer was oriented by the researchers 
to fill the answers. The attributes of appearance, aroma, 
flavour, texture and colour were evaluated through a mixed 
structured facial hedonic of 7-points scale, varying from 1 
(“super bad”) to 7 (“super good”). Additionally, overall 
acceptance and purchase intent questions were also applied 
and evaluated through a 5-point mixed structured scale (1, 
“dislike extremely”/“definitely would not buy it” to 5, “like 
extremely”/“definitely would definitely buy it”, respectively). 
Each sample (about 15 g) was served to consumers in white 
plates coded with randomly selected 3-digit numbers in 
monadic form and using balanced design (Macfe et al., 1989). 
Sensory evaluations were performed by consumers under 
fluorescence lighting. After consuming each sample, consumer 
was instructed to drink water for palate cleansing. Samples 
were evaluated in triplicate in separate session. The 
Acceptability Index (AI) was calculated through the 
multiplication of the mean score informed by the consumers to 
the product by 100, dividing the result by the maximum mean 
score given to the product (Teixeira et al., 1987). 

 
Physicochemical characterization 
 
All analyses were performed in triplicate in the PSF, in the 
control formulation and in the one with greatest PSF level and 
whose sensory acceptability was similar to the control 
formulation. The moisture, ash, protein and lipid content were 
determined by the AOAC methods (2011).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The moisture content was determined through the drying-in-
oven method (105 ± 2 ºC). The lipid content was determined 
through the cold extraction method (Bligh and Dyer, 1959). 
The protein content was analyzed through to the Kjeldahl 
method. The factor 6.25 was used for the nitrogen conversion 
into crude protein. The ash was obtained by muffle. The 
soluble and insoluble fibers were determined through the 
enzymatic method (AOAC, 2011). The total dietary fiber was 
calculated by the difference of the soluble and insoluble fiber 
results. The carbohydrate content was evaluated through 
theoretical calculation (by difference) in the triplicates’ results, 
according to the formula: % carbohydrate = 100 – (% 
moisture + % protein + % lipid + % ash + % fiber). The total 
energy value (kcal) was theoretically calculated using the 
following factors: lipid (8.37 kcal/g), protein (3.87 kcal/g) and 
carbohydrate (4.11 kcal/g) (Merrill and Watt, 1973). The Daily 
Reference Values (DRV) was calculated for 70 g of the 
sample, based on the average values recommended for 
children of 7 to 10 years old (DRI, 2005), resulting in: 1893.63 
kcal/day, 258.07 g/day carbohydrate, 65.95 g/day protein, 
69.40 g/day lipid and 12.85 g/day dietary fiber. 

 
Statistical analysis 
 
The results were analyzed using the analysis of variance 
(ANOVA). The means were compared through Tukey’s 
test and Student's t-test at a significance level of 5% (p < 0.05). 
The Statistical Package for Social Sciences software (SPSS, 
Chicago, IL, USA) was used to perform the statistical 
calculations. 
 
Ethic issues: This paper was approved by the Research Ethics 
Committee of UNICENTRO, ruling no 608.950/2014. The  

Table 1. Sensory scores (mean ± standard deviation) and Acceptability Index (AI) of the pizzas with addition of 
 different levels of pumpkin skin flour 

 

Parameter F1 F2 F3 F4 F5 

Appearance 6.07±0.12a 5.69±0.13ab 5.61±0.13ab 5.55±0.14ab 5.29±0.17b 

AI (%) 86.71 81.28 80.14 79.28 75.57 
Aroma 5.81±0.14a 5.70±0.13a 5.69±0.16a 5.55±0.18ab 5.04±0.17b 
AI (%) 82.85 81.45 81.28 79.28 72.00 
Flavour 6.36±0.11ª 6.16±0.13ab 6.04±0.16ab 5.73±0.18bc 5.32±0.18c 
AI (%) 90.85 88.00 86.28 81.85 76.00 

Texture 6.29±0.11a 5.96±0.14ab 5.89±0.14ab 5.69±0.15bc 5.18±0.18c 
AI (%) 89.85 85.14 84.14 81.28 74.00 
Colour 5.89±0.12a 5.41±0.14ab 5.33±0.16ab 5.49±0.14ab 5.21±0.15b 
AI (%) 84.14 77.28 76.14 78.42 74.42 
Overall acceptance 4.80±0.05a 4.56±0.10ab 4.55±0.10ab 4.26±0.12bc 3.89±0.16c 
AI (%) 96.00 91.20 91.00 85.20 77.80 
Purchase intent 4.80±0.06a 4.49±0.12ab 4.33±0.13ab 4.04±0.16bc 3.70±0.18c 

Distinct letters in row indicate significant differences by Tukey’s test (p < 0.05). Values are mean of three replicates. 
Addition of pumpkin skin flour: F1: control (0%); F2: 12%; F3: 18%; F4: 24%; and F5: 30%. 

 
Table 2. Physicochemical composition (mean ± standard deviation) of the pumpkin skin flour (PSF), of the  

control pizza (F1) and with PSF 18% addition (F3) 
 

Parameter PSF F1 DRV (%)* F3 DRV (%)* 

Moisture (g.100g-1) 5.99±0.05 38.81±0.05a NA 39.39±0.04a NA 
Ash (g.100g-1) 6.62±0.02 3.00±0.03b NA 3.79±0.04a NA 
Protein (g.100g-1) 11.11±0.08 11.88±0.04b 12.61 12.58±0.06a 13.36 
Lipid (g.100g-1) 6.42±0.06 8.29±0.04b 8.36 9.37±0.07a 9.45 
Carbohydrate (g.100g-1)** 69.86±0.24 38.02±0.21a 10.31 34.86±0.24b 9.46 
Total energy value (kcal.100g-1) 383.87±0.78 271.61±0.98a 10.04 270.41±0.87a 10.00 
Soluble fiber (g.100g-1)*** 1.34±0.07 0.13±0.08b NA 0.36±0.05a NA 
Insoluble fiber (g.100g-1)*** 31.07±0.08 1.58±0.03b NA 6.74±0.07a NA 
Total fiber (g.100g-1)*** 32.41±0.03 1.71±0.07b 9.29 7.10±0.08a 38.68 

Distinct letters in row between F1 and F3 indicate significant difference by the Student's t-test (p < 0.05). **DRV (Daily Reference 
Values): nutrients evaluated by DRI (2005) mean, based on a diet of 1893.63 kcal/day and a portion mean of 70 g; Values expressed 
in wet base; **Includes dietary fiber; ***Dietary fiber; NA: not available. 
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following exclusion criteria were considered: allergies to some 
ingredients used in the pizzas’ preparation or failing to present 
the Term of Free and Clarified Consent signed by the person 
responsible. 
 

RESULTS AND DISCUSSION  
 
Sensory analysis: The sensory evaluation results of the pizzas 
prepared with different level of PSF are described in Table 1. 
Greater scores for F1 (p < 0.05) were noticed for the 
appearance and colour attributes in comparison with F5. The 
formulations F1, F2 and F3 got greater scores in comparison 
with F5 regarding their smell. There was no significant 
difference between all other samples for these attributes. 
Similar results were noticed for flavour, texture, overall 
acceptance and purchase intent. The control pizza was the 
most accepted one in these evaluations (p < 0.05) than F4 and 
F5. Additionally, F2 and F3 got superior scores in comparison 
with F5.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Therefore, we notice that addition levels superior to 18% of 
PSF in pizzas reduce their acceptability. Teixeira et al. (2016) 
noticed similar results while evaluating the addition of PSF 
(1.75, 3.5, 5.25 and 7%) in croquettes. The PSF has an orange 
colour due to their high levels of carotenoids present in its skin 
(3.94 mg.100g-1) (SESI, 2008). Consequently, the colour of the 
pizzas changed, which may have caused a lower acceptance of 
the formulations containing more PSF. However, carotenoids, 
especially the β-carotene, have an antioxidant function in the 
organism, which may reduce the risk of heart diseases and 
cancer (Moraes and Colla, 2006). Many plants, including those 
of the Cucurbitaceae family, are composed by Cucurbitacians, 
which makes the dishes have a bitter flavour (Paris et al., 
2017). This fact may explain the lower scores for the pizza 
containing a higher PSF level.  
 
All formulations had an AI superior to 70% in every evaluated 
attributes and in overall acceptance, which proves that they 
were well accepted (Teixeira et al., 1987). During the pizza 

 
 

Figure 1. Distribution of the consumers by the hedonic values obtained in the pizza sensory evaluation with addition of 
different levels of pumpkin skin flour: F1 (0%, control), F2 (12%), F3 (18%), F4 (24%) and F5 (30%) 
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preparation, we noticed that higher PSF levels made the dough 
more brittle and less elastic. This happens because the 
pumpkin’s skin is gluten free; gluten is a protein that is present 
in wheat flour and is responsible for the growth, softness, 
viscosity and elasticity of the dough and dough-based products 
(Costa et al., 2008). Additionally, the PSF has high fiber levels 
(32.86%) (Santos, 2013), which increase its water retaining 
capability and solubility. This can make the dough more brittle 
and hard to manipulate (Brennan, 2005). The distribution of 
the consumers by hedonic values for each sensory attribute is 
presented in Figure 1. Most scores attributed to the 
formulations for their attributes and overall acceptance are 
above 5 (“good”) and 5 (“like extremely”), respectively.  
 
These data agree with the literature (Silva and Silva, 2012). 
Enriching dishes with unorthodox products may contribute for 
the environment because the amount of food waste disposed 
into the nature is reduced. Additionally, it can help to reduce 
the risk of non-communicable chronic diseases. It may happen 
because byproducts like skins, stems and leaves have high 
levels of dietary fiber, which accelerate the gastric emptying, 
increase satiety, reduce the cholesterol synthesis and the 
absorption of carbohydrate, resulting in the reduction of the 
glycemic level (Marlett et al., 2002). The F3 sample was the 
one with the greatest PSF level and whose acceptance was 
similar to the control (F1) in all attributes and for overall 
acceptance and purchase intent (Table 1). Consequently, both 
formulations were considered for physicochemical 
characterization purposes herein.  

 
Physicochemical characterization 

 
The physicochemical characterization of the PSF, of the 
control pizza and of the one with PSF 18% addition is 
presented in Table 2. Inferior results of ash (5.3%), 
carbohydrate (38.2%) and calories (292.9 kcal), superior 
results of moisture (7.7%) and protein (19.9%), and similar 
results of lipid (6.7%) were noticed in the literature (Santos, 
2013) for the PSF. The variation in the nutrient level is related 
to different growing methods, fertilizer use and the genetic 
enhancement of food (Rocha et al., 2008). Additionally, the 
processes employed for the production of flours, such as skin 
thickness and the weather/temperature binomial may influence 
the nutritional composition (Chisté and Cohen, 2011). The 
PSF’s ash level indicates high mineral concentrations in the 
pumpkin skin. Some examples are iron (225.7%), potassium 
(66%), zinc (55.3%) and calcium (11%) (Pigoli, 2012). 
 
There was no difference in the moisture and energy levels 
between F1 and F3 (p > 0.05). However, greater ash, protein 
and lipid contents were noticed for F3. It happens because 
wheat flour has lower levels of these nutrients in its 
composition (4.3 g.100g-1, 9.9 g.100g-1 and 1.0 g.100g-1, 
respectively) (USDA 2016). The F1 formulation presented 
higher levels of carbohydrate, which agrees with the literature 
(Teixeira et al., 2016). Higher levels of insoluble dietary fiber 
(6.74 g.100g-1) and total dietary fiber (7.10 g.100g-1) noticed in 
F3 (18% of PSF) in comparison with F1 should be underscored 
because they express a significant increase of 326.6% and 
315.2%, respectively. In this aspect, the F3 sample may be 
considered as a high dietary fiber level product because it has a 
minimum level of 6% of fiber in its composition (Brazil, 
2012).  

 
 

Conclusion 
 
A PSF addition level of up to 18% in pizzas is well accepted 
by child consumers, resulting in a sensory acceptance level 
similar to the control product. It also increases the intake of 
ash, protein, lipid and dietary fiber, but reduces the 
carbohydrate levels, improving the product’s nutritional 
profile. Consequently, the PSF may be considered as a 
potential ingredient to be added in pizzas, with the possibility 
of being offered to children and with high commercialization 
expectations. 
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