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Abstract -- The organoleptic characteristics of Cucurbita 
pepo flowers have allowed them to be incorporated into 
the cuisine of many countries. The objective of this 
project is to evaluate the effect of adding pumpkin 
flower powder (PFC) on the sensory characteristics of a 
baked product. Pumpkin flowers were dehydrated at 
60°C and ground into a fine powder. A base formulation 
T0 of a bun-type bread was made, and from this, three 
breads (T1, T2, and T3) were made, to which 3, 7, and 
10.5% PFC, respectively, were added along with 
epazote and onion. To determine the acceptance of these 
formulations, a ranking test was conducted with 50 
untrained panelists. A panel of seven semi-trained 
tasters evaluated the level of acceptance of aroma, 
flavor, color, texture, and appearance using a 9-point 
hedonic scale.

The formulation with 3% squash blossom powder (T1) 
was the most preferred (7.91) and also had the highest 
levels of acceptance in terms of aroma (8.33±0.71), 
flavor (7.56±0.88), and color (7.89±0.78). The attributes 
that the evaluators considered most important were 
aroma, color, texture, and flavor.

The inclusion of squash blossom powder in baked goods 
represents an alternative way of processing and 
preserving this edible flower in the Acatlán region, 
different from the culinary uses found in traditional 
Mexican cuisine.

Keywords: appearance, aroma, pumpkin, color, flower, 
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Abstract -- The organoleptic characteristics of the 
Cucurbita pepo flower have allowed it to be 
incorporated into the gastronomy of many countries. 
The objective of this project is to evaluate the effect of 
adding pumpkin

flower powder (PFC) on the sensory characteristics of a 
baked product. Pumpkin flowers were dehydrated at 60°C 
and ground to a fine powder. A base formulation T0 of a 
bun-type bread was prepared, and from this, three loaves 
(T1, T2, and T3) were made, to which 3%, 7%, and 
10.5% of PFC were added, respectively, along with 
epazote and onion. To determine the acceptance of these 
formulations, a ranking test was conducted with 50 
untrained panelists. A panel of seven semi-trained tasters 
evaluated the level of acceptance of the aroma, flavor, 
color, texture, and appearance, using a 9-point hedonic 
scale.

The formulation with 3% pumpkin flower powder (T1) 
was the most preferred (7.91). It also showed higher 
acceptance rates for aroma (8.33 ± 0.71), flavor (7.56 ± 
0.88), and color (7.89 ± 0.78). The attributes that 
evaluators considered most important were aroma, color, 
texture, and flavor.

Pumpkin flower powder included in baked goods 
represents an alternative way to process and preserve 
this edible flower in the Acatlán region, different from 
the culinary methods used in traditional Mexican 
cuisine.

Key words – appearance, aroma, pumpkin, color, flower, 
bread, texture.

INTRODUCTION
The nutritional needs of populations have changed in 
recent years as a result of lifestyles that determine 
consumption patterns toward processed foods. 
Consumers are increasingly opting for food products 
with natural ingredients due to concerns about the 
adverse health effects of synthetic compounds [1]. In 
this regard, edible flowers could meet some of these 
needs, as they have high nutritional value and contain 
vitamins (A, C, and E),
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minerals, and bioactive compounds [2, 3, 4]. In addition, 
the popularity of flower consumption has increased in 
the gastronomic sector because flowers add taste, flavor, 
and aroma to preparations such as liqueurs, infusions, 
salads, jellies, breads, among others, where they are 
incorporated [5, 6, 7, 3] whole or in parts, fresh or 
dehydrated. All these products that are offered with 
edible flowers have additional marketing opportunities 
through added value [8].

The squash (Cucurbita) has an edible flower with 
yellow-orange petals and a funnel shape. The squash 
flower is a source of calcium, iron, phosphorus, and 
potassium, as well as vitamins A, C, riboflavin, and 
niacin [4]. It also contains bioactive compounds such as 
carotenoids (carotenes and xanthophylls) and flavonoids 
[9, 4, 10]. The organoleptic characteristics of Cucurbita 
pepo flowers have allowed them to be incorporated into 
the cuisine of many countries, where they can be found 
in the market in brine, soups, and creams. In Mexico, 
they are prepared in different ways and are widely 
consumed in tacos or quesadillas. To enhance their light 
and pleasant flavor, they are mainly combined with 
epazote and salt [11].

In Mexico, the cucurbita pepo flower is in high demand 
throughout the year; currently, the plant is mainly 
cultivated for its flowers [11], and its production is one 
of the most profitable and important options at the 
national level. Each year, 1.199 million tons of squash 
are produced, but there is no precise data on what 
percentage of this production is used for flower 
production. In 2023, Puebla produced 70,550 tons of 
Cucurbita pepo, making it the second largest producer in 
Mexico after Sonora. Municipalities such as Atlixco, 
Coatzingo, Huaquechula, Ixcaquixtla, Quecholac, San 
Salvador El Verde, Tecamachalco, Tepexi de Rodríguez, 
Tlahuapan, and Zacapala produce zucchini [12], and 
therefore, in these entities, the production of squash 
flowers (male and female) is an important economic 
activity as they are collected and consumed locally in 
different areas during the flowering season [11], mainly 
sold fresh. The quality of the flowers in these places 
varies considerably due to their high perishability and 
the lack of optimal post-harvest handling, since after 
cutting, the flowers continue to breathe and also suffer a 
radical loss of turgidity, color, and nutrients as a result 
of senescence [13, 14].

Bread is a product with high nutritional value and 
unique sensory characteristics, which depend on the 
quality of the ingredients and additives in its 
composition. Therefore, other flours (derived from 
seeds, fruits, legumes, roots, or tubers, etc.) can be 
incorporated, which can be considered unconventional 
raw materials in its production [15] and

make them nutritious, functional foods with acceptable 
sensory characteristics. One way to extend the shelf life 
of flowers is to dehydrate them, with the disadvantage of 
losing their fresh quality characteristics [16], but they 
retain sensory properties such as aroma, flavor, and 
color, in addition to their decorative value. Because of 
this, it is considered possible to add squash blossom 
powder to take advantage of its distinctive sensory 
characteristics and improve the acceptance of a baked 
goods product.

Sensory analysis is a crucial tool in the baking industry 
for evaluating product quality. It allows the 
acceptability of the product by the consumer to be 
determined and aspects such as color, smell, taste, 
texture, and appearance to be evaluated [17]. Therefore, 
the purpose of this project was to evaluate the effect of 
adding squash blossom powder on the sensory 
characteristics of a baked product as an alternative use 
to add value to this edible flower in the Mixtec region.

DEVELOPMENT
This work was carried out in the Food Industry 
Workshop of the Food Industry Engineering Degree 
Program at TecNM/Instituto Tecnológico Superior de 
Acatlán de Osorio (ITSAO).

Obtaining the raw material
The squash blossoms and epazote were purchased from 
local merchants at the "General Rafael Sánchez 
Taboada" municipal market in Acatlán de Osorio, 
Puebla. Once purchased, they were taken to the Food 
Industry Workshop for processing. The other ingredients 
for the baked goods were purchased at local commercial 
establishments.

Obtaining squash blossom powder (PFC)
The squash blossoms were washed with drinking water 
to remove traces of soil and insects, and the gynoecium, 
androecium, perianth, and pedicel were removed. A 
sodium hypochlorite solution (100 ppm) was used to 
disinfect the squash blossom petals. The squash flower 
petals were subjected to hot air at a temperature of 30°C 
[16] in a tray dehydrator (Aresma, model 100), 
monitoring the reduction in moisture content of the 
flowers at 60-minute intervals on an analytical balance 
with an accuracy of ± 0.0001 g, until the final 
dehydration weight was reached. Once dehydrated, they 
were ground with the aid of a mill to reduce their size, 
until a fine powder was obtained that passed through a 
No. 35 sieve, to obtain a powder similar to wheat flour 
[18]. The PFCs obtained were stored in hermetically 
sealed polyethylene bags, properly labeled with the date 
of manufacture and stored in refrigeration (4°C) until 
use [19].
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Baked goods formulations
Based on a T0 (control) formulation, a total of ten 
formulations were made in which the percentage of PFC 
added was varied (3-20%), keeping the weight of 
ingredients such as flour (54 g), milk (33 g), butter (7.8 
g), sugar (
2.5 g; yeast, 2.5 g; epazote powder, 0.1 g; onion powder, 
0.1 g; and salt, 0.1 g. Three formulations were selected, 
named T1, T2, and T3, with additions of 3%, 7%, and 
10.5% PFC (Table 1), respectively, considering that the 
percentage added did not affect the viscosity of the 
dough, the kneading and fermentation time, and whose 
organoleptic acceptance [19, 20, 21] was obtained 
through a ranking test carried out by a group of ten 
untrained panelists, aged 20 to 50, belonging to the 
ITSAO technological community.

The buns were made using the direct method. Once the 
ingredients had been weighed, they were mixed in an 
Oster mixer for 7 minutes until they reached the "half or 
window" stage, ensuring that the mixture had achieved 
maximum elasticity and crumb formation. The dough 
was cut, rolled, and left to ferment for approximately 1.5 
hours, then baked at 180°C for around 25 minutes. 
Finally, the buns were cooled to room temperature 
before undergoing the respective tests [22].

Sensory evaluation

a) Ranking test
The rolls made with the three formulations were 
subjected to a ranking test and evaluated by untrained 
bread consumers who were asked to rank the samples 
from highest to lowest acceptance according to taste, 
with the aim of selecting the most preferred sample [22, 
23]. The 10 g samples were coded with random three-
digit numbers (326, 596, and 458) and presented in 
random order. Each participant was required to rinse 
their mouth with purified water between each sample 
[18, 24].

b) Acceptability Test (Hedonic Scale)
For the evaluation of the acceptance of the formulations, 
the affective test of the level of acceptance was carried 
out in accordance with the work of Soler-Martínez et al. 
[18] and Rodríguez et al. [25], with some modifications.

The sensory evaluation by attributes was carried out by a 
panel of seven tasters, made up of students and teachers 
of both sexes, aged 18 to 50, belonging to the Food 
Industry Engineering degree program at ITSAO. This 
selected panel underwent five training sessions, each 
lasting one hour. During these sessions, references were 
presented to enable the panel to achieve an optimal 
assessment and develop the descriptors to be evaluated in 
the bakery product with added PFC powder [21, 22].

descriptors to be evaluated in the bakery product with 
added PFC powder [21, 22]. In the acceptability test, 
aroma, texture, flavor, color, and overall appearance 
were evaluated [25, 22, 23], using a 9-point hedonic 
scale, in which 1 = I dislike it very much, 5 = I neither 
like nor dislike it, 9 = I like it very much [26, 24, 27].

The samples were coded with a random three-digit 
number and accompanied by a glass of purified water at 
room temperature for the taster to use between sample 
tastings [25, 22, 23].

Statistical Analysis
The results were expressed as the average value of
3 determinations ± standard deviation. The results of the 
sensory evaluation of the attributes of the bun 
formulations were subjected to Friedman's 
nonparametric statistical test at a 5% significance level 
[23] to determine the existence of significant 
differences. All analyses were performed using Minitab 
statistical software (Version 17), considering an Alpha 
value ≤ 0.05 as a significant effect.

DISCUSSION AND ANALYSIS OF RESULTS
Table 1 shows that formulation T1 was ranked by the 
judges as the most preferred sample (p=0.002), samples 
T2 and T3 had a higher percentage of squash blossom 
powder added, These results coincide with similar 
addition percentages (5 and 10%) in breads made with 
sorghum flour developed by Surco-Almendras & 
Alvarado-Kirigin [28].

Table 1. Results of the ranking test for bun formulations 
with 3, 7, and 10.5% PFC added.

Formulation T1 T2 T3

Average 2.67 2.00 1.33

Source: Own elaboration, 2025.

The results obtained from the sensory evaluation of the 
buns added with PFC, using the 9-point hedonic scale, 
show that formulation T1 obtained higher scores 
compared to the other two formulations evaluated. 
According to the data obtained (Table 2), the attributes 
most appreciated by the evaluators were aroma, color, 
texture, and flavor, which is consistent with other 
studies that report that consumers appreciate aroma, 
flavor, texture, and color in bread [29, 30]. However, the 
Friedman test was not significant at a 5% significance 
level (Table 3), i.e., there is evidence to indicate that 
there were no statistical differences in
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terms of the acceptability of the attributes between the 
formulations (Table 4). Therefore, it is possible to add a 
new ingredient without affecting the acceptance of the 
organoleptic characteristics of the bread, as reported by 
Rodríguez et al. [25] in buns with added extruded sacha 
inchi (Plukenetia volubilis L) cake and in gluten-free 
bread made from cañihua flour [29].

Aroma
Formulation T1 was rated by the semi-trained panelists 
as "I like it very much" (8.33), which was higher than 
the ratings given to formulations T0, T1, and T2. The 
results obtained in this research indicate that the greater 
the addition of PFC, the lower the level of acceptance of 
this attribute by the panelists. These results coincide 
with the level of acceptance of this attribute in bread 
with added dehydrated chard and spinach, with an 
addition percentage of between 3 and 15%, in both 
breads made by Herrera-Arangure [31]. According to 
Surco-Almendras & Alvarado-Kirigin [28], the 
complexity of bread is influenced by the ingredients and 
the manufacturing process. The tasters indicated that 
they perceived the delicate aroma characteristic of 
pumpkin cream. In this research, the aroma perceived by 
the tasters is due to the mixture of the base ingredients 
of the bun and 1-pyrroline, and other amino acid 
derivatives [32] that give PFC a mild aroma, to 1-
ascaridol, which is largely responsible for the smell of 
epazote [33], and sulfur compounds derived from amino 
acid sulfoxides [34], which give it its characteristic 
onion aroma.

Texture
The average rating for formulation T2 was slightly 
higher than for formulations T1 and T3. The evaluators 
indicated that they liked these moderately (Table 2), but 
the level of acceptance achieved by these was lower than 
that obtained for formulation T0. The results obtained in 
this research indicate that with higher PFC additions, 
panelists rated the texture slightly lower than the control 
formulation. These results coincide with bread added 
with chard and dehydrated spinach (3 to 15%) [31] and 
bread enriched with extruded sacha inchi (Plukenetia 
volubilis L.) cake [25]. In general, the evaluators 
commented that the formulations had an acceptable soft 
texture. Considering that a new ingredient can 
significantly alter these interactions, resulting in bread 
with a texture very different from what is expected, 
according to Rodríguez-Sandoval et al. [25] and Marti et 
al. [35], an essential requirement for the development of 
a new product is that the addition of an ingredient does 
not influence the sensory characteristics of the final 
product, mainly the characteristic texture of bread.

Flavor
The average acceptance level of formulation T1 was 
slightly higher than formulation T3. According to the 
hedonic scale, the judges indicated that they liked its 
taste moderately, while formulation T2 was rated on 
average with 6.78 (I like it a little) compared to the base 
formulation (T0), which was rated with "I like it a lot." 
This indicates that the addition of pumpkin powder 
influenced the evaluators' level of acceptance of this 
attribute, coinciding with that reported by Gaspar [36] in 
bread with added dehydrated spinach and alfalfa with an 
addition level of 1 to 9%. In addition to the ingredients 
in the base formulation, the flavor that the evaluators 
appreciated in formulations T1, T2, and T3 was similar 
to a typical regional soup known as "guayas," which is 
made with these squash blossoms combined with 
nixtamalized corn dough and zucchini. This perception 
is due to the fact that squash blossoms have a delicate, 
slightly sweet and herbal flavor [9, 4] due to their 
aromatic profile, which includes terpenes, aldehydes, 
and esters. In addition, epazote adds flavor to these 
formulations due to the presence of ascaridol, alpha-
terpinene, limonene, and p-cymene, flavonoids, and 
saponosides [33], while onion contributes to this 
attribute due to the presence of sulfur compounds that 
give it its characteristic flavor [37] in foods in which it is 
present.

Appearance
The overall appearance was influenced by the 
ingredients used and baking time, factors that contribute 
to the final appearance of the bread and, therefore, to 
consumer visual preferences [29]. Formulation T1 had 
an average rating of 8.11 (I like it very much), which 
was the best rating for appearance given by the semi-
trained panelists. This formulation was slightly superior 
to the perception of the base formulation and 
formulations T2 and T3. The latter, according to the 
hedonic scale, "moderately liked" the appearance and 
described them as round loaves with a light brown crust. 
The results obtained in this research indicate that with 
the addition of more pumpkin powder, there was no 
difference in the level of acceptance of this attribute by 
the panelists. This behavior was also reported by 
Lazcano-Hernández et al. [38] in bread with 5 and 10% 
bee pollen added, with percentages similar to those used 
in the bun formulations in this study.

Color
Formulation F1 obtained a slightly higher average 
acceptance level than the other three formulations. All 
four formulations were rated as "moderately liked" 
according to the nine-point hedonic scale. The 
evaluators appreciated a dark yellow color in the crust 
and a yellow color similar to that of
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which presents the fresh flower. For the color of the 
buns, the greater the addition of pumpkin powder, the 
lower the level of acceptance by the panelists, 
coinciding with what was reported by Gaspar [36] in 
bread with added dehydrated spinach and alfalfa. The 
color of bread gives the first impression and helps 
consumers decide whether or not to accept it [28]. The 
formulations of the bakery product evaluated in this 
research had a slightly yellow color, which was mainly 
due to carotenoids, specifically yellow xanthophylls 
(violaxanthin, antheraxanthin, neoxanthin, and lutein-
5,6-epoxide) and carotenes (lycopene and β-carotene) 
present in squash blossoms [4].

Table 2. Results of the acceptance test for bun 
formulations with 3, 7, and 10.5% PFC added.

Source: Own elaboration, 2025

Table 3. Results of the Friedman comparison test 
between treatments.

* Significant result at a 5% significance level.
Source: Own elaboration, 2025

CONCLUSIONS
Sensory analysis is a valuable tool in the baking industry 
for ensuring product quality, developing new products, 
controlling quality, comparing products, conducting 
research, and studying consumer preferences.

The results obtained in the sensory evaluation confirm 
that the addition of squash blossom powder to buns is 
possible at levels between 3 and 7%. These buns have an 
aroma, appearance, flavor, texture, color, and overall 
appeal that are acceptable to consumers, making it 
possible to use the organoleptic properties of squash 
blossoms by adding them in powder form to bakery 
products.

Thus, squash blossom powder included in baked goods 
represents an alternative for processing and preserving 
this edible flower, which could be considered in future 
research to develop culinary preparations different from 
those used in traditional Mexican cuisine, thereby 
adding value to this flower in the Acatlán region.
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