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Abstract
The current study aimed to evaluate the influence of the addition of pumpkin peel flour (PPF) on
physicochemical, cooking and sensory characteristics of bovine burger. Five hamburgers were
formulated: F1 - standard (0% PPF) and the others added 1% (F2), 2% (F3), 3% (F4) and 4% (F5)
of PPF. The PPF was characterized by high contents of minerals, carbohydrate and dietary fiber,
which improved nutritional profile of hamburger. There was an increase on cooking yield,
moisture retention and reduction of shrinkage and fat retention, as the level of PPF addition
increased. The incorporation of PPF at 3% and 4% in the product increased significantly (p<0.05)
the values of L*, a* and b*. Similar acceptability to the standard sample was verified on products
with addition of up to 3% PPF. All formulations showed an acceptability index greater than 70%.
Thus PPF is a potential ingredient for the formulation of bovine burger to improve its nutritional
and technological properties without modification of the sensorial characteristics.
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1. Introduction
Meat and meat products have great nutritional importance in human food as they contain proteins
of high biological value, vitamins mainly B6 and B12 and minerals such as zinc and iron. Although
the population regularly consumes meat, studies have already shown its correlation with an
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increase in the prevalence of chronic pathologies, such as obesity and cardiovascular diseases
[1,2]. In addition, processed meat products may be less nutritious than other types of food [3]. This
fact does not prevent products such as hamburgers, sausages and nuggets from being highly
accepted by consumers who seek for practicality and ready to eat.
Hamburgers are meat-based products. They are widely consumed by the most different publics,
mainly due to their sensorial quality [4] and their practicality. However, these products may
contain high levels of fats and calories, which may increase the risk of developing noncommunicable chronic diseases such as diabetes mellitus and some cancers [5]. Researches
demonstrated the possibility of developing meat derivatives with differentiated ingredients, with a
better nutritional profile. The addition of fruit and vegetable residues in hamburger is an example
[6,7]. These by-products contain high levels of fiber, micronutrients and other substances such as
antioxidants [8], which can be beneficial to health. Insoluble fibers, for example, help on body
absorption of water and also in the regulation of intestinal transit [9]. However, food by-products
is usually disposed by the final consumer, which increases the disposal of organic by-products in
the environment. The valorization of these by-products as ingredients in meat products can
increase the added economic value, besides collaborating for a healthier consumption and a better
quality of life of the consumers.
The pumpkin is native of South America and belongs to the genus Cucurbita of Cucurbitaceae
family. The most consumed genera are C. moschata, C. maxima and C. pepo. Orange pumpkin
(Cucurbita maxima) stands out for its composition in fibers, carotenoids, vitamins and minerals
[10]. This is widely grown and consumed in countries such as China, Thailand, Vietnam, Burma
and India, and other tropical and subtropical countries [11], including Brazil. It is highly
appreciated for its characteristic taste, versatility of preparation, and has good nutritional value
[12]. The peel of pumpkin also stands out for its content in protein, vitamins, minerals and fibers
[13]. Nevertheless, it is usually discarded while processing, due to lack of knowledge about their
nutritional properties of the population. The use of peel of pumpkin in hamburgers can be a good
industrial strategy to improve nutritional properties and benefit technological aspects related to
viscosity, rheology and stability in meat products [14].
The aim of this research was to evaluate the influence of addition of pumpkin peel flour (PPF) on
physicochemical, cooking and sensory characteristics of bovine burgers.
2. Materials and Methods
Pumpkin Peel Flour (PPF) Processing
Pumpkin of orange color (60 kg) were used, with better visual appearance, smooth surface without
imperfections and medium size. The whole pumpkins (Cucurbita maxima) were washed and
immersed in sodium hypochlorite solution, with a proportion of 8 ml for each liter of tape water.
After 15 minutes, the pumpkins were rinsed under running tape water. Peels (2 mm thick) were
manually removed whit a knife and dried in a forced-air drier (Pardal, PE 60, Brazil) at 60 °C for
28 hours. The dried peels were grounded in a mill (Tecnal, Tec mill TE-633, Brazil), yielding 550
g of flour. The product was packed in plastic bags of low-density polyethylene and stored at - 18
°C until analyzes were carried out.
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Beef Burger Processing and Cooking
Five formulations of hamburgers added with different levels of PPF were prepared in triplicate:
F1: standard (0%), F2 (1%), F3 (2%), F4 (3%) and F5 (4%). These percentages were defined by
means of preliminary sensory tests carried out on the product. In addition to the PPF percentages,
the following ingredients were used: fresh beef (shoulder clod) (F1: 77.9%, F2: 76.9%, F3: 75.9%,
F4: 74.9%, F5: 73,9%), ice flakes (15%), ground pork fat (5%), sodium chloride (1.5%), onion
powder (0.2%), garlic powder (0.2%) and black pepper powder (0.2%). For hamburgers
elaboration, meat (approximately 65 kg) was ground in a meat grinder (C.A.F., Brazil) on 3 mm
disk and temperature about 4 ºC. Subsequently, ground beef was homogenized in a commercial
blender (Super Cutter Sire, Brazil) for 1 minute at 8 ± 1 °C. Onion, garlic, pepper, sodium chloride,
ice flake and ground pork fat were added to the mixture and homogenized again for 3 minutes at
8 ± 1 °C. The PPF was incorporated into the mass and homogenized for an additional 3 minutes at
8 ± 1 °C. The resulting paste of each formulation was burger shaped (weight 100 g, 10 cm in
diameter and 1 cm thick) using a hand fed hamburger (Picelli, HP 128, Brazil). The products were
stored in plastic bags of low-density polyethylene and frozen in a conventional freezer (Electrolux,
w35, Brazil) at - 18 °C until the moment of analysis.
The frozen burgers were grilled on electric plate (Britânia Grill, Mega 2 N, Brazil) with grills on
the upper and lower sides heated to 200 °C until a core temperature of 71 °C [15] controlled with
a digital thermometer (Tp 101, Brazil). The average cooking time was 6 to 7 minutes.
Consumer Study
Participated in sensory analyses 60 untrained volunteer judges, hamburger usual consumers.
Consumers had aged between 17 and 25 years and were recruited among students and staffs of
Universidade Estadual do Centro-Oeste, Guarapuava, Paraná, Brazil. For conducting the sensory
test, hamburgers have been cooked as previously described. All samples were evaluated by means
of an acceptance test using a 9-point hedonic scale, with extremes ranging from dislike extremely
(1) to like extremely (9) [16]. Were evaluated attributes related to appearance, aroma, flavor, color
and texture, beyond overall acceptance. For the purchase intent test a 5-point attitude structured
scale was used, varying from definitely would not buy it (1) to definitely would buy it (5) [16].
The sensory acceptability index (AI) was calculated by multiplying the average score reported by
consumers to the product by 100, dividing the result by the maximum average score given to the
product within the hedonic scale for 9.0 points. Each sample (15 g) was served to consumers in
white plates coded with randomly selected 3-digit numbers in monadic form and using balanced
design [17]. 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.
Physicochemical Composition
All analyzes were performed on three replicates in triplicate for PPF and for cooked hamburgers.
Water activity (Aw) was determined using Aw analyzer (Novasina, Labswift model, Switzerland),
at 20 °C. The pH was measured using a pH-meter (Tecnopon, MPA-210 model, Brazil). To stablish
the color, five hamburgers were used per treatment, evaluated in five different points of the
hamburger. The color was evaluated by the system of the Commission Internationale de
L'Eclairage (CIE), lightness (L*), redness (a*), yellowness (b*), colorimeter reading (Konica
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Minolta, Chroma Meter CR 4400 model, Japan) with illuminating calibration D65 and angle of
observation 10º, previously calibrated.
Moisture, ash, protein, fat and dietary fiber content were determined by AOAC methods [18]. The
moisture content was determined by drying in greenhouse (105 ± 2 ºC). Ash was performed by
muffle furnace. Protein was analyzed according to the Kjeldahl method. Factor 6.25 was used for
conversion of nitrogen to crude protein in hamburger and PPF respectively. Fat content was
determined according to the Soxhlet method, using petroleum ether. Total, soluble and insoluble
dietary fiber was determined by the enzymatic method. The carbohydrate content was evaluated
by means of theoretical calculation (by difference) in the results of the triplicates, according to the
formula:
"\% " carbohydrate= 100 – ("\% " moisture+"\% " protein+"\% " lipid+"\% " ash+"\% " fiber
dietary)
The total caloric value (kcal) was calculated theoretically using Atwater factor [19] for lipid (9
kcal g-1), protein (4 kcal g-1) and carbohydrate (4 kcal g-1).
Cooking Characteristics
Five hamburgers from each formulation were cooked in the same procedure as mentioned
previously then cooled to room temperature at 23 ºC for 2 h. Then cooled to room temperature at
23 ºC for 2 h. The following cooking characteristics were evaluated: cooking yield and the fat
retention [20], shrinkage [21] and moisture retention [22]. The hamburgers were measured
according to the following equations:
% cooking yield =
% fat retention =
% shrinkage =

weight of cooked sample
weight of raw sample

x 100

(weight of cooked sample) x (% fat in cooked sample)
(weight of raw sample) x (% fat in raw sample)

(diameter of raw sample − diameter of cooked sample)

% moisture retention =

diameter of raw sample

x 100
x 100

% cooking yield x % moisture content of cooked sample
100

Statistical Analysis
The results were analyzed using analysis of variance (ANOVA). The means were compared by
Tukey’s test at 5% significance level (p≤0.05). The Software R was used to perform the statistical
calculations.
Ethical Issues
The research was approved by the Ethics in Research Committee of UNICENTRO, Brazil, under
the case number of 608.950/2014.
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3. Results and Discussions
Consumer Study
The results of the sensory test of grilled hamburger added at different levels of PPF are presented
in Table 1.
Table 1: Sensory scores (mean ± standard deviation) obtained for the hamburger with addition of
different levels pumpkin peel flour (PPF)
Parameters
F1
F2
F3
F4
F5
a
a
a
a
Appearance
7.16 ± 1.35 7.23 ± 1.06 7.10 ± 1.34 6.95 ± 1.45 6.70 ± 1.62a
AI (%)
79.56
80.33
78.89
77.22
74.44
Aroma
7.33 ± 1.05a 7.35 ± 1.31a 7.30 ± 1.33a 7.10 ± 1.32ab 6.57 ± 1.52b
AI (%)
81.44
81.67
81.11
78.89
73.00
Flavor
7.52 ± 1.05a 7.43 ± 1.28ab 7.45 ± 1.53ab 7.21 ± 1.33ab 6.65 ± 1.70b
AI (%)
83.56
82.56
82.78
80.11
73.89
Texture
7.12 ± 1.19a 7.22 ± 1.44a 7.12 ± 1.70a 6.96 ± 1.35a 6.95 ± 1.58a
AI (%)
79.11
80.22
79.11
77.33
77.22
a
a
a
a
Color
7.09 ± 1.38 7.13 ± 1.33 7.13 ± 1.41 6.88 ± 1.46 6.80 ± 1.34a
AI (%)
78.78
79.22
79.22
76.44
75.56
a
a
ab
ab
Overall Acceptance 7.31 ± 1.23 7.37 ± 1.20 7.22 ± 1.63 6.91 ± 1.58 6.44 ± 1.51b
AI (%)
81.22
81.89
80.22
76.78
71.56
a
a
a
a
Purchase Intention
4.00 ± 0.78 4.10 ± 0.95 3.90 ± 1.16 3.81 ± 0.91 3.55 ± 1.03a
Distinct letters in the same line indicate significant difference according to Tukey’s test (p<0.05);
AI: Acceptability Index. PPF addition: 0% (F1); 1% (F2); 2% (F3); 3% (F4); 4% (F5).
There was no significant difference between formulations for appearance, texture, color and
purchase intention (p>0.05). Higher scores for aroma were observed for F1, F2 and F3 when
compared to F5. The F1 formulation was more accepted than F5 for flavor, while F1 and F2 were
more accepted than F5 in regard to overall acceptance. Other samples did not show statistical
difference among all the evaluated parameters (p>0.05). Similar results were observed whit papaya
seed flour added to hamburger (0% to 3%) [6] and in hamburger containing dry tomato peel (0%
to 6%) [23]. The pumpkin peel has a pronounced aroma and residual taste, caused by polyphenols
and cucurbitacins, a group of tetracyclic oxygenated triterpenes found in the genus Cucurbitaceae
[24, 25]. In addition, polymeric phenols found in the peel of vegetables, such as tannins, promote
an astringent taste [26, 27]. These factors explain the lower acceptance of hamburgers containing
high level of PPF. Similar effect was observed in studies that evaluated the addition of pea peel
flour (8% to 12%) in chicken nugget [14] and with addition of grape seed flour (0% to 3%) in
fermented sausage [28]. Moreover, PPF has an orange coloration, caused by the high content of
carotenoids found in the peel of freeze-dried pumpkin, such as β-carotene (123.19 mg kg-1) [29],
which alter hamburgers coloration (Figure 1). However, a significant reduction (p>0.05) in the
acceptance of this attribute by consumers after the addition of PPF was not observed.
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Raw samples

F1

F2

F3

F4

F5

Cooked Samples

F1
F2
F3
F4
F5
Figure 1: Hamburger formulations with addition of different levels pumpkin peel flour (PPF):
0% (F1); 1% (F2); 2% (F3); 3% (F4); 4% (F5).
All formulations exhibited AI above 70%, demonstrating good sensorial acceptance [30]. Similar
results were reported by Kaur et al. [31], whom added pomegranate seed flour (0% to 3%) in
chicken nugget. Thus, it is demonstrated the viability of using PPF as an ingredient in reformulated
meat products, which promote consumption of healthier foods by the population, in addiction to
reduce organic by-products.
Physicochemical Composition
Physicochemical composition of hamburgers is presented in Table 2.
Table 2: Physicochemical composition (mean ± standard deviation) of pumpkin peel flour (PPF)
and cooked hamburger with addition of different levels pumpkin peel flour (PPF)
Parameters

PPF

F1

F2

F3

Moisture (g 100 g-1)
2.62 ± 0.03 64.30 ± 0.07b 66.83 ± 0.02a 66.75 ± 0.08a
Ash (g 100 g-1)
6.86 ± 0.08
1.88 ± 0.04c 2.31 ± 0.03b 2.30 ± 0.02b
Protein (g 100 g-1)
11.51 ± 0.07 21.52 ± 0.04a 19.05 ± 0.04b 18.58 ± 0.03b
Lipid (g 100 g-1)
6.65 ± 0.05
9.26 ± 0.06a 8.27 ± 0.08b 8.24 ± 0.09b
Carbohydrate (g 100 g-1)*
72.36 ± 0.22 3.03 ± 0.32d 3.54 ± 0.19c 4.13 ± 0.35bc
Energy value (kcal 100 g-1)** 395.35 ± 1.58 181.56 ± 1.87a 164.81 ± 1.68b 164.98 ± 1.89b
Soluble fiber (g 100 g-1)***
1.76 ± 0.10
ND
0.02 ± 0.09b 0.04 ± 0.10b
-1 ***
Insoluble fiber (g 100 g )
33.05 ± 0.11
ND
0.33 ± 0.08d 0.66 ± 0.09c
Total fiber (g 100 g-1)***
34.81 ± 0.10
ND
0.35 ± 0.08d 0.70 ± 0.08c
pH
5.99 ± 0.03a 5.22 ± 0.02b 5.84 ± 0.03a 5.91 ± 0.07a
Water activity
0.40 ± 0.05
0.97 ± 0.06a 0.97 ± 0.02a 0.97 ± 0.01a

F4

F5

66.28 ± 0.04a 66.35 ± 0.06a
2.40 ± 0.04a 2.41 ± 0.07a
18.03 ± 0.01bc 17.91 ± 0.05c
8.40 ± 0.09b 8.47 ± 0.10b
4.89 ± 0.47a 4.86 ± 0.36a
167.27 ± 1.85c 167.28 ± 1.99c
0.05 ± 0.08ab 0.07 ± 0.07a
0.99 ± 0.10b 1.32 ± 0.11a
1.04 ± 0.09b 1.39 ± 0.10a
5.85 ± 0.04a 5.85 ± 0.05a
0.97 ± 0.02a 0.97 ± 0.02a

Distinct letters in the same line indicate significant difference according to Tukey’s test (p<0.05);
PPF addition: 0% (F1); 1% (F2); 2% (F3); 3% (F4); 4% (F5). Values calculated in dry basis;
*Include dietary fiber; **Theoretical calculations: lipid (9 kcal g-1), protein (4 kcal g-1) and
carbohydrate (4 kcal g-1); ***Dietary fiber; ND: not detected.
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Moisture, ash, carbohydrate and fiber contents increased when PPF was added. The higher
moisture content can be explained by hydration properties of fiber and also by its porous and
hydrophilic nature, factors that increase water retention in the fiber matrix [32]. The PPF contains
higher carbohydrate and mineral contents, such as iron (42.99 ± 0.10 mg 100 g-1) and phosphorus
(319.33 ± 0.05 mg 100 g-1) [33] compared to meat [34], which favors the increase of minerals and
carbohydrate in the hamburger. Protein, lipid and caloric value were lower for hamburger added
with different levels of PPF.
There was no significant difference between Aw of the different formulations. However, the
addition of PPF raised pH in the hamburger, opposite of what observed by García et al. [23], after
the addition of dried tomato peel (6%) in hamburger. This authors attributed this effect to the low
pH values of the dry tomato peel (4.43), when compared to the meat that is around 5.5 [35]. In the
case of PPF, the pH is even higher (5.99). Likewise Newton and Gill [36] explained, a high pH
does not accelerate the growth of deteriorating microorganisms, but it reduces latency time. In
addition, increasing pH in meat products may lead to increased redness, causing darker meat [37]
and increase water retention [38], which interferes on the product texture, leading to greater
softness [39]. The instrumental color parameters of cooked hamburgers are presented in Table 3.
Table 3: Color parameters L*, a* e b* (mean ± standard deviation) of cooked hamburgers with
addition of different levels pumpkin peel flour (PPF)
Formulation Lightness (L*) Redness (a*) Yellowness (b*)
F1
43.51 ± 0.08b
4.99 ± 0.05b
6.19 ± 0.22c
F2
43.35 ± 0.59b
4.93 ± 0.20b
7.79 ± 0.27b
b
b
F3
43.43 ± 1.23
4.90 ± 0.31
8.07 ± 0.35b
F4
46.25 ± 0.79a
5.39 ± 0.19a
11.09 ± 0.55a
a
a
F5
45.54 ± 0.22
5.50 ± 0.27
11.32 ± 0.57a
Distinct letters in the same column indicate significant difference according to Tukey’s test
(p<0.05); PPF addition: 0% (F1); 1% (F2); 2% (F3); 3% (F4); 4% (F5).
The addition of higher levels of PPF (3% and 4%) increased (p<0.05) values of L*, a* and b*.
There was no significant difference for L* and a* between formulations F1, F2 and F3. However,
F1 showed lower level of yellowness (b*) than F2 and F3, since it does not contain PPF. In general,
the addition of levels ≥ 3% of PPF in hamburger promoted a lightness, redness and yellowness of
the product. It occurs due to the presence of compounds in the peel, such as chlorophyll,
carotenoids and flavonoids, which act as natural colorants in fruits and vegetables [40]. Similar
results were reported by García et al. [23], after the addition of 1.5% of dried tomato peel in
hamburger, except the reduction in lightness.
Cooking Characteristics
The results of cooking characteristics of hamburgers are show in Table 4.
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Table 4: Cooking characteristics (mean ± standard deviation) of cooked hamburger with addition
of different levels pumpkin peel flour (PPF)
Formulation
Cooking
Fat
Shrinkage Moisture Retention
Yield (%)
Retention (%)
(%)
(%)
F1
70.62 ± 0.13d 81.91 ± 0.22a 19.05 ± 0.14a
45.58 ± 0.16d
F2
70.26 ± 0.51d 79.32 ± 0.29b 19.55 ± 1.93a
51.60 ± 0.56c
c
bc
a
F3
80.46 ± 0.12 77.56 ± 0.45
19.28 ± 0.40
55.00 ± 0.30b
F4
84.82 ± 0.10b 75.45 ± 0.32cd 17.95 ± 0.08b
56.29 ± 0.01a
a
d
b
F5
87.80 ± 0.13
72.56 ± 0.56
16.13 ± 0.33
56.71 ± 0.09a
Distinct letters in the same column indicate significant difference according to Tukey’s test
(p<0.05); PPF addition: 0% (F1); 1% (F2); 2% (F3); 3% (F4); 4% (F5).
The cooking yield and moisture retention in the hamburger increased significantly with the
addition of PPF. Moreover, there was a reduction in the shrinkage percentage with 3% and 4%
PPF. The higher moisture retention can be attributed to the amount of PPF fibers. The fibers have
the ability to interact with meat proteins, creating a network that prevents migration of water from
the product to the surface [41]. It increases cooking efficiency and reduces shrinkage of the burger.
The PPF samples had a lower fat retention than the standard formulation (p<0.05), corroborating
with Azevedo and Campagnol [6]. This fact can be attributed to fibers, which may exhibit
preferential binding to water [41] rather than fat.
4. Conclusions
The PPF can be used as an ingredient in the bovine burger formulation, since it contains high
nutritional value, which increases the levels of minerals, carbohydrate and dietary fiber in the meat
product. It also has a favorable influence on the technological characteristics of the hamburger,
increasing cooking yield and moisture retention, as well as reducing fat retention and shrinkage.
A level of addition up to 3% of PPF in products maintains acceptability similar to the standard
sample. Nevertheless, all formulations have an acceptability index greater than 70%. The use of
flour by-products in hamburger should be encouraged as it can improve their nutritional and
technological characteristics and maintain sensory acceptability. In addition, it reduces the
negative effects of organic by-products disposal on the environment.
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