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ABSTRACT

Childhood obesity and undernutrition pose significant global challenges, particularly in Peru, where sweet biscuits are widely con-
sumed but often nutritionally unbalanced. To improve the sensory quality of biscuits for children, we proposed selecting biscuits
with better characteristics through evaluation with young adults. This study evaluated the impact of reducing sugar and incorpo-
rating quinoa flour on the sensory and hedonic perception of biscuits among young adults and school-aged children. Biscuit for-
mulations were assessed using a 9-point hedonic scale and a Check-All-That-Apply (CATA) questionnaire. Young adults (n=115,
18-25years) showed moderate acceptance of all treatments, but the selection of the best treatments was influenced by the attributes
” “honey,” and “sweet.” The selection of three treatments containing moderate levels of quinoa flour (15%-30%) and re-
duced sugar (10%-20%) resulted in higher scores of overall liking in children (n =113, 6-13years) compared to the evaluation in

“crunchy,

young adults, with positive attributes (sweet, crunchy, honey, brittle, and buttery) and absence of negative drivers of liking, which
demonstrates the effectiveness of the proposed strategy. This reformulation strategy offers a practical approach to addressing
malnutrition without compromising sensory quality, providing valuable insights for food industries and policymakers seeking to
promote healthier snacks for children.

1 | Introduction (WHO 2024a). Similarly, nutritional deficiencies that result in
undernutrition—characterized by wasting, stunting, and under-
Nutritional imbalance, whether excess or deficiency, poses a sig- weight—remain prevalent in many regions worldwide. These

nificant global challenge (Swinburn et al. 2019; WHO 2024a). situations highlight the dual burden of malnutrition affecting
The excessive consumption of energy-dense, nutrient-poor foods 340million children and adolescents, underscoring the urgent
has contributed significantly to the increasing prevalence of  need for effective dietary interventions that improve nutritional
conditions related to overnutrition, such as obesity, type 2 dia- balance while retaining the sensory quality of food products
betes, and cardiovascular diseases. These health issues are now  (WHO 2024b). Various studies have focused on reducing sugar
among the leading causes of morbidity and mortality worldwide content in food products by using nonnutritive sweeteners (NNS)
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Practical Applications

This study presents a two-stage sensory evaluation strat-
egy designed to develop healthier biscuits for children by
incorporating quinoa flour and reducing sugar content.
Utilizing young adults to preselect formulations helped
optimize the sensory profiles before testing with children,
thereby increasing acceptance. The selected biscuits,
which contained 15%-30% quinoa flour and a 10%-20%
reduction in sugar, were well received by children, pre-
serving their sensory quality while enhancing nutritional
value. This practical approach can be adopted by food in-
dustries and public health programs targeting malnutri-
tion in children by reformulating popular snacks without
compromising sensory quality.

to maintain the perception of sweetness without increasing ca-
loric value, particularly in foods targeted at children (Velazquez
et al. 2021). However, this strategy has shown limitations because
NNS often leave a bitter, metallic aftertaste that can negatively
impact children's acceptance of them (Li et al., 2014, 2015). In ad-
dition, evidence regarding the long-term effects of sustained NNS
use in children raises concerns in the scientific literature, partic-
ularly in the Latin American context, where childhood obesity
and malnutrition coexist (Sambra et al., 2020). In contrast, the
present study proposes an innovative strategy that moves away
from the use of NNS by focusing on reformulation through sugar
reduction while maintaining sensory acceptability by incorpo-
rating quinoa flour (Chenopodium quinoa Willd.), an Andean
pseudocereal with high nutritional value. This proposal not only
addresses public health needs in countries like Peru, where dual
malnutrition is a growing concern, but also incorporates a re-
gional, culturally accepted, and sustainable ingredient.

In Peru, childhood obesity has become increasingly prevalent, with
the National Institute of Statistics and Informatics (INEI) report-
ing that 9.1% of the population under 5years of age is overweight
or obese (INEI 2023). At the same time, undernutrition remains
a significant issue, as evidenced by the fact that 43.1% of children
are affected by anemia (INEI 2024). Both overnutrition and un-
dernutrition highlight the urgent need for tailored regional strat-
egies to address these health concerns, particularly in areas such
as southern Peru, where socioeconomic and dietary patterns ex-
acerbate these challenges (Eduardo et al. 2025; INEI 2024; Phelps
et al. 2024). Both issues require collaboration among academia,
industry, and policymakers to develop effective and sustainable
solutions, especially considering the impact of widely consumed,
nutritionally unbalanced foods (Eduardo, Aredo, et al. 2024).

Sweet biscuits are widely consumed globally, including in Peru,
and their reformulation offers a practical way to improve nu-
tritional quality. Frequently criticized for their high sugar and
saturated fat content, as well as poor protein and vitamin levels,
strategies such as reducing added sugar (Kawakami et al. 2025)
and enriching them with nutrient-rich ingredients like Andean
cereals (e.g., quinoa, amaranth, and cafiihua) are impactful ap-
proaches to improving the nutritional quality of biscuits (Luque-
Vilca et al. 2024; Valenzuela-Gonzalez et al. 2022). While sugar
reduction contributes to lower calorie intake and a reduced
risk of diet-related diseases (Khan et al. 2019; Warshaw and

Edelman 2021; WHO 2016), it poses challenges for texture, sta-
bility, and sensory acceptance (Deliza et al. 2021; Kawakami
et al. 2025; Velazquez et al. 2021). The inclusion of Andean
cereals enhances the protein, fiber, and micronutrient content
(Martinez-Villaluenga et al. 2020), aligning with regional di-
etary traditions and addressing health concerns simultaneously,
making these products both healthier and culturally relevant
(Eduardo, Bedoya-Perales, et al. 2024).

Despite efforts to commercialize food products with reduced added
sugar or those enriched with Andean cereals, these formulations
have not been effectively incorporated into the daily diets of chil-
dren and young people in urban areas (Biguzzi et al. 2015; Sandvik
et al. 2021) due to the lack of products specifically designed for this
age group, unappealing packaging, and unpleasant sensory prop-
erties (de Scudine et al. 2024; Faralla et al. 2023). Understanding
how reformulation affects sensory quality, such as taste and tex-
ture, is essential for developing nutritious and acceptable products
targeted at children (Laureati and Pagliarini 2018). However, sen-
sory evaluation with children is challenging because their cogni-
tive skills and sensitivity are lower than those of adults (Guinard,
2000). In this sense, sensory sessions with children should be
shorter than those with adults, with the aim of not diminishing
their attention spans (Issanchou 2015). For this reason, the num-
ber of samples that children evaluate should be small. However,
in studies of product reformulation toward a healthier profile, it is
common to assess different levels of incorporation or reduction of
components that have positive or negative effects on health. A wide
range of treatments allows for more comprehensive information
about the sensory acceptance of a product. However, this was not
possible in the present study due to the need to limit the number of
treatments, given that the evaluation was carried out by children.
This population has particular characteristics, including shorter
attention spans, difficulties with understanding the tests, and a
greater susceptibility to sensory fatigue. To overcome this issue,
evaluating products in stages can lead to better decisions regarding
which products should be sensorially evaluated by children. Thus,
in a first stage, young adults should assess products to select the
best prototypes for children. This approach has been little explored
in sensory and consumer studies involving children, which could
yield higher acceptance rates for products with healthier charac-
teristics. In this context, the present study aimed to sensorially
evaluate biscuits with reduced sugar levels and quinoa incorpo-
ration in two stages. The first stage included young adults whose
biscuit consumption patterns are similar to those of children, and
the second stage involved school-aged children.

2 | Materials and Methods

This study received ethical approval from the Scientific
Research Ethics Committee of the Universidad Nacional de
Moquegua (UNAM) under letter N°. 001-2024-PCEIC/UNAM.
All participants, whether young adults or parents of school-aged
children, signed an informed consent form indicating their vol-
untary participation in the study. They were provided with basic
information about the study, without disclosing details that
could influence their responses to the reformulation process.
Participants were asked about their sociodemographic profiles,
including age, sex, and frequency of sweet biscuit consumption,
with a written commitment not to reveal their identities for any
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reason. After completing the sensory procedures, participants
received a small gift as a token of appreciation.

2.1 | Biscuit Preparation and Technological
Characterization

The quinoa flour used in the biscuit formulations contained 4.23%
fat, 5.74% moisture, 2.45% ash, and 11.97% protein, with a water ac-
tivity of 0.49. It exhibited 2.382mg GAE/g polyphenols and strong
antioxidant capacities (DPPH: 105.32mg/mL; ORAC: 31.98 umol
ET/g), presenting its nutritional and functional potential for biscuit
formulation. The biscuit-making process adhered to the AACC
(2000) guidelines with modifications. The ingredients used in the
preparation were white durum wheat flour (from 28.3% to 40.4%),
quinoa flour (from 0% to 12.12%, replacing up to 30% wheat flour),
baking powder (0.5%), salt (0.4%), powdered milk (6.1%), vegetable
shortening (19.4%), sugar (from 13.6% to 19.4%), and water (13.8%).
The dough was kneaded and rolled to a thickness of 0.5cm, then
cut into 5 cm diameter circles. Finally, the biscuits were baked and
cooled for further analysis. Seven formulations were developed
with varying sugar reductions (10%, 20%, and 30%) and partial
substitution of wheat flour with quinoa flour (15% and 30%), in-
cluding a control, as described by Alvarez et al. (2025).

2.2 | Hedonic and Sensory Characterization by
Young Consumers

2.2.1 | Young Participants

A convenience sample of 115 young consumers aged 18-25 par-
ticipated in the study (mean age: 21.5years). The group consisted
of men (51.79%) and women (48.21%), all of whom voluntarily
participated after signing an informed consent form. Participants
were recruited from the surroundings of UNAM, including stu-
dents and administrative staff. The inclusion criteria required that

participants be regular consumers of sweet biscuits, not have ce-
liac disease or eating disorders, and be interested and available to
participate in the study. Figure 1 presents the sociodemographic
profile of the young participants, detailing the distribution by gen-
der and age. The number of participants involved in the study was
statistically valid for hedonic tests without a segmentation purpose
(Hough et al. 2006; Issanchou 2015) and for CATA tests with stable
sample and descriptor configurations (Ares et al. 2014).

2.2.2 | Procedure

Before starting the formal test, participants were instructed to
complete the Check-All-That-Apply (CATA) questionnaire and the
9-point hedonic scale. Each participant was then seated in an indi-
vidual sensory evaluation booth, receiving samples sequentially in
a monadic manner following a Williams Latin (Macfie et al. 1989)
square design, collected on tablets using the Compusense Cloud
software. First, participants rated their acceptance of the biscuits
using a 9-point hedonic scale, ranging from “dislike extremely”
to “like extremely” (Peryam and Pilgrim 1957). Then, they per-
formed the CATA task, checking the attributes (dark, greasy, but-
tery, sweet, salty, honey, crunchy, hard, and brittle) selected based
on our previous study (Alvarez et al., 2025). Attributes were also
presented monadically in balanced form. To cleanse consumers'
palates between samples, they took a sip of water. The sensory pro-
cedure was conducted in a single session.

2.3 | Hedonic and Sensory Characterization by
School-Aged Children

2.3.1 | Children Participants

The sensory evaluation was conducted with 113 children, com-

prising 61.95% boys and 38.05% girls, aged between 6 and 13years
(mean age 9.5years). Participants were conveniently recruited from
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FIGURE1

Sensory evaluation photograph

| Sociodemographic profile and sensory procedure of young adults.
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the elementary public school in Moquegua, Peru. The inclusion cri-
terion was that participants consumed sweet biscuits at least once
a week and did not have any dietary restrictions. Figure 2 shows
the sociodemographic profile of the participating children, detail-
ing the distribution by gender and age. The sensory evaluation was
conducted in the classroom, set up to simulate sensory laboratory
conditions, and data collection was facilitated using a printed bal-
lot. The number of participants in the test (n=113) exceeded the
minimum recommended sample size for children in sensory tests
(n=39), as established by Novello et al. (2021). Furthermore, sim-
ilar to the young population, the number of children exceeded the
recommended range (60-80 participants) for the CATA task (Ares
et al. 2014). Therefore, the results are methodologically valid.

2.3.2 | Procedure

To minimize distractions and maintain the children's concen-
tration during the sensory evaluation of the cookies, we selected
only those treatments that performed best in a previous evalua-
tion conducted with young adults. This methodological strategy
is in line with the recommendations established in studies on
sensory evaluation with children, which highlight the impor-
tance of reducing the number of samples to avoid fatigue, loss
of attention, and decreased reliability of responses (Guinard and
Brun 1998; Issanchou 2015), previously exposed in the introduc-
tion section of this paper.

Before conducting the formal test, a brief explanation of the pro-
cedure was provided to familiarize the children with the CATA
questionnaire and the emoji-based hedonic scale (Schouteten
et al. 2018). Following this, the formal test began, during which the
children were given printed sensory evaluation ballots and biscuit
samples coded with random three-digit numbers. The biscuit sam-
ples were presented sequentially in a monadic manner, following
a Williams Latin (Macfie et al. 1989) square design to eliminate
first-order and carry-over effects. The children tasted each sam-
ple and rated their acceptance using an emoji-based hedonic scale
with the following anchors: ‘&’ (dislike extremely), ‘= (neither like

nor dislike), < (like extremely). Subsequently, they selected the

appropriate attributes to describe the biscuit samples sensorially.

To ensure direct comparability between age groups, a single
list of sensory attributes was used for both children and young
adults. This approach prevents variability due to differing ter-
minology and enables the construction of directly comparable
sensory maps. The attributes were initially selected from spe-
cialized literature and previous studies, prioritizing terms that
were relevant, understandable, and easily recognizable by both
groups (Jaeger et al. 2013; Lazo et al. 2016).

To confirm the list's suitability for children, a rigorous, multistage
validation process was conducted. First, their ability to associate
attributes with familiar food examples was verified (e.g., “sweet”
with sugar). Subsequently, to ensure comprehension beyond sim-
ple associations, children were asked to explain each term in their
own words, identify examples from visual and taste stimuli, and
apply them in simulated sensory tasks. This entire procedure con-
firmed that children understood both the semantic meaning and
the contextual use of each attribute for a sensory characterization
task (Galler et al. 2020; Laureati et al. 2017).

2.4 | Data Analysis

The results of the CATA questionnaire were analyzed using
Cochran's Q test, a nonparametric univariate method to identify
significant differences in the frequency of a given attribute across
biscuit samples. Multiple pairwise comparisons were performed
using the McNemar/Bonferroni test. Subsequently, correspon-
dence analysis (CA) was conducted to evaluate the multivariate
associations between biscuit samples and their sensory charac-
teristics, using Chi-square (X?) distances. On the other hand, ac-
ceptance data were treated using analysis of variance (ANOVA),
considering the consumers and the order of sample presentation
as random factors and the biscuit formulation as a fixed factor.
Tukey's test was then applied for pairwise comparison of means.
Finally, the penalty-lift analysis evaluated the significant mean

Consumers
4 ‘ Institution
Children between A4
6to 13 yearsold "‘ )\
RN | |
P Sex ﬁ
—_—
Coronel Manuel C. de la Torre
Male:70 Female:43
Treatments
Q15%RS 10% Q30% RS 10% Q30% RS 20%

Sensory evaluation photograph

FIGURE2 | Sociodemographic profile and sensory procedure of school-aged children.
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differences in liking scores (Student's t-test) based on the presence
or absence of specific sensory attributes in the CATA question-
naire. Positive values indicated attributes that increased liking,
while negative values reflected those that decreased acceptance. A
significance level of 5% was used for all analyses. All data analyses
were conducted using the XLSTAT software.

3 | Results and Discussion

3.1 | Hedonic and Sensory Characterization by
Young Consumers

In Figure 3, the acceptance of biscuits among young consumers
is displayed. All samples received an acceptance score above 6,
corresponding to “like slightly,” indicating a moderate level of
acceptance. Similar observations were reported by Nadian et al.
(2021) on the sensory acceptance of low-sugar cookies contain-
ing quinoa flour as a substitute for wheat flour, suggesting that it
is feasible to improve the nutritional profile of biscuits. However,
while the samples were statistically similar, biscuits with a
greater reduction in sugar (T15Q.30S) and including quinoa
(T30Q.30S) tended to receive slightly lower scores. This trend
is expected due to the innate human preference for sweet tastes
(Deliza et al. 2021) and the presence of bitter compounds, such
as saponins, that reduce the acceptance of cookies with high qui-
noa content (Suarez-Estrella et al., 2018). However, the textural
properties of products containing quinoa are also crucial in sen-
sory acceptance (Eduardo, Bedoya-Perales, et al. 2024). In this
context, examining the complete sensory profile of cookie sam-
ples is crucial for a better understanding of hedonic responses.

The sensory profile of the biscuits was evaluated using a pre-
defined list of sensory attributes, as defined by experts in our
previous study (Alvarez et al., 2025). The attributes were related
to the appearance, flavor, and texture of the biscuits. Table 1
presents the proportions of citations for sensory attributes across
different biscuit treatments formulated with varying percent-
ages of quinoa flour and sugar reduction. The sensory attributes
that exhibited statistically significant differences across the bis-
cuit treatments were related to flavor and texture. As expected,
sweetness decreased proportionally with sugar reduction, but
texture attributes, including greasy, brittle, crunchy, and hard,
exhibited significant variations across treatments. Generally,
the changes are observed to be due to the combined effect of
sugar reduction and the incorporation of quinoa flour. Under
this premise, greasy and brittle tended to increase, hard tended
to decrease, and crunchy was lowest at the maximum sugar re-
duction and quinoa incorporation (T30Q.30S).

The sensory profile from the multivariate perspective presents
complementary results to the elicitation proportions. The CA
in Figure 4 shows that for the first dimension (81.20% of data
variability), the control biscuit was associated with the hard
attribute, being different from the reformulated treatments,
confirming the observation in Table 1. The second dimen-
sion, despite having little representation in the data variability
(8.85%), shows that the reformulated biscuits are differentiated
mainly by the sugar reduction. Thus, in the upper vertical part,
the treatments with the greatest sugar reduction were associated
with salty, brittle, dark, and buttery flavors, while in the lower
part, the treatments with the least sugar reduction were associ-
ated with crunchy, honey, and sweet flavors.
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O | | |
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FIGURE 3 | Overall liking of biscuits evaluated by young adults. Treatments: T0Q.0S (0% quinoa flour, 0% sugar reduction), T15Q.10S (15% qui-
noa flour, 10% sugar reduction), T15Q.20S (15% quinoa flour, 20% sugar reduction), T15Q.30 S (15% quinoa flour, 30% sugar reduction), T30Q.10S
(30% quinoa flour, 10% sugar reduction), T30Q.20S (30% quinoa flour, 20% sugar reduction), and T30Q.30S (30% quinoa flour, 30% sugar reduction).
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These findings are consistent with the sensory effects of sugar and
quinoa flour in other studies. Thus, sugar crystallizes in biscuits,
resulting in a crispier surface (Luo et al., 2019), while quinoa flour,
as a substitute for wheat flour in moderate amounts, decreased the
hardness of biscuits (Wang et al., 2015). Therefore, a less crunchy
and less hard texture is expected with greater sugar reductions and
the incorporation of quinoa flour. Other contributions of quinoa

flour may be related to its mineral and fat content, which, together
with the reduction in sugar, may have contributed, respectively, to
the perception of saltiness and a greasy or buttery texture. In terms
of appearance, the perception of a darker color in baked goods
containing quinoa flour may be associated with their high protein
content, particularly the amino acid lysine, which is notably abun-
dant in quinoa. Lysine plays a key role in initiating the Maillard

TABLE1 | Proportions of elicitation for sensory attributes of biscuits evaluated by young adults.

Attributes T0Q.0S T15Q.10S T15Q.20S T15Q.30S T30Q.10S T30Q.20S T30Q.30S
Dark 0.157 (a) 0.200 (a) 0.174 (a) 0.235 () 0.200 (a) 0.183 (a) 0.209 (a)
Salty 0.087 (a) 0.104 (a) 0.157 (a) 0.191 (a) 0.165 (a) 0.157 (a) 0.183 (a)
Honey 0.322 (a) 0.261 (a) 0.278 (a) 0.209 (a) 0.330 (2) 0.313 (a) 0.270 (a)
Greasy 0.130 (a) 0.226 (a) 0.278 (b) 0.226 (ab) 0.287 (b) 0.270 (b) 0.270 (ab)
Buttery 0.487 (a) 0.461 () 0.478 (a) 0.513 (a) 0.435 (a) 0.548 (a) 0.530 (a)
Brittle 0.235 () 0.470 (b) 0.426 (ab) 0.409 (ab) 0.478 (b) 0.417 (ab) 0.591 (b)
Sweet 0.783 () 0.739 (bc) 0.635 (abc) 0.565 (ab) 0.696 (bc) 0.661 (abc) 0.522 (a)
Crunchy 0.617 (ab) 0.704 (b) 0.626 (ab) 0.678 (ab) 0.626 (ab) 0.687 (ab) 0.513 (a)
Hard 0.730 (¢) 0.261 (ab) 0.304 (b) 0.313 (b) 0.191 (ab) 0.139 (a) 0.174 (ab)

Note: Attributes in bold indicate a statistically significant difference between samples according to Cochran's Q test at 5% significance. Different letters indicate
pairwise comparisons according to the McNemar/Bonferroni test at 5% significance. Treatments: T0Q.0S (0% quinoa flour, 0% sugar reduction), T15Q.10S (15% quinoa
flour, 10% sugar reduction), T15Q.20S (15% quinoa flour, 20% sugar reduction), T15Q.30S (15% quinoa flour, 30% sugar reduction), T30Q.10S (30% quinoa flour, 10%
sugar reduction), T30Q.20S (30% quinoa flour, 20% sugar reduction), and T30Q.30S (30% quinoa flour, 30% sugar reduction).
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FIGURE 4 | Correspondence analysis of biscuits and their sensory attributes evaluated by young adults. Treatments: T0Q.0S (0% quinoa flour,
0% sugar reduction), T15Q.10S (15% quinoa flour, 10% sugar reduction), T15Q.20S (15% quinoa flour, 20% sugar reduction), T15Q.30 S (15% quinoa
flour, 30% sugar reduction), T30Q.10S (30% quinoa flour, 10% sugar reduction), T30Q.20S (30% quinoa flour, 20% sugar reduction), and T30Q.30S

(30% quinoa flour, 30% sugar reduction).
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reaction, a nonenzymatic browning process that occurs during
baking and is responsible for the development of the characteris-
tic brown tones and flavor profiles in baked goods (Nitasha Wasi
et al., 2024). In addition, quinoa contains phenolic compounds,
such as flavonoids and phenolic acids, which, upon oxidation, can
also contribute to the formation of dark pigments, thereby intensi-
fying the overall coloration (Brito et al. 2015). The visual scale of
color can also influence the sensory perception of the product, par-
ticularly in evaluations conducted with children, as several studies
have demonstrated that the visual elements present in products
can affect their sensory perception (Dixon et al., 2024; Mediano
Stoltze et al., 2023).

The impact of sensory attributes on sensory acceptance, as de-
termined by young adults, was analyzed using penalty-lift anal-
ysis. As shown in Figure 5, attributes with blue bars toward the
right indicate a positive effect on acceptance, with crunchy and
sweet having the greatest impact. Conversely, a higher incidence
of hard and greasy attributes is negative for acceptance (red
bars). The negative impact of hard aligns with Rodriguez-Garcia
et al. (2013), who reported that overly dense or rigid textures are
less desirable in biscuits.

The results of young consumers demonstrate that a moderate
reformulation of the biscuits was necessary to promote positive
sensory attributes and reduce negative ones, which aligns with
previous research indicating that consumers value a balanced
sweetness profile and an appealing texture in reduced-sugar
baked products (Kawakami et al. 2025). In this sense, taking
into account the positive drivers of liking and their location in
the multivariate sensory profile, the most notable treatments
were T15Q.10S, T30Q.10S, and T30Q.20S, whose main shared
characteristic is the intermediate reduction of sugar, which
was associated with the attributes crunchy, honey, and sweet
(Figure 4), and did not present univariate statistical differ-
ences with the control treatment (Table 1) for those attributes.
Therefore, those treatments were selected for sensory analysis
with school-aged children.

3.2 | Hedonic and Sensory Characterization by
School-Aged Children

It has been recommended that sensory evaluation with chil-
dren should be carried out in a shorter time than with adults,
to optimize children's attention span during the evaluation
(Issanchou 2015). In this regard, the proposal of a prior evalu-
ation stage with young adults resulted in the selection of three
biscuit treatments with quinoa flour and moderate sugar re-
duction, based on acceptance scores, univariate and multi-
variate sensory profiles, and the sensory attributes that drive
liking.

Figure 6 shows the acceptance scores for treatments T15Q.10S,
T30Q.10S, and T30Q.20S, which reached values above 7 points
and can be interpreted as “like moderately.” Also, there were no
significant differences between treatments. Interestingly, the ac-
ceptance scores were higher than those of young adults; these
results suggest that the implementation of a two-stage evaluation
strategy contributed to greater sensory acceptance of the cook-
ies by school-aged children. Furthermore, it has been reported

Crunchy
Sweet
Honey

Buttery

-1 -0.5 0 0.5 1 1.5
FIGURE 5 | Penalty-lift analysis of positive (blue bars) and negative

(red bars) drivers of liking in biscuits evaluated by young adults.

that children have a high preference for sweet tastes (Mennella
et al. 2012; Mennella et al. 2014), but despite these antecedents, the
moderate sugar reduction did not significantly decrease the liking
of the reformulated biscuits. Quinoa flour may have contributed to
improving the liking of the biscuits, which is in line with Eduardo,
Bedoya-Perales, et al. (2024), who, through a bibliometric review,
reported that 67% of publications on the application of quinoa
in bakery products suggest that sensory acceptance is similar to
the control products, as long as the proportions of quinoa are be-
tween 5% and 30% of the formulation. However, this finding aligns
with evaluations of adults, whereas sensory evaluations of bakery
products containing quinoa among children are scarce. In this
sense, it is necessary to understand children’s sensory responses
through the sensory profile of the biscuits, which was addressed
using the same methodology as that employed with young adults
in this study.

According to the univariate sensory profile in Table 2, signifi-
cant differences were observed among treatments only for the
attributes of dark, salty, and greasy. An increase in quinoa flour
(T30Q.10S) emphasized the presence of dark and salty flavors,
but these attributes decreased with greater sugar reduction
(T30Q.20S). Conversely, the highest citation proportion for
greasy was recorded with the lowest sugar reduction and addi-
tion of quinoa flour (T15Q.10S).

The multivariate sensory profile showed greater discrimination
between treatments (CA in Figure 7, which explains 100% of the
data variability). Thus, similar to the univariate analysis, the at-
tributes dark and salty were associated with the highest quinoa
content and lowest sugar reduction (T30Q.10S); conversely, the
highest incorporation of quinoa and intermediate sugar reduc-
tion (T30Q.20S) were associated with the attribute brittle. On
the other hand, lower sugar reduction and lower incorporation
of quinoa flour (T15Q.10S) were associated with fatty and but-
tery attributes. The attributes honey, sweet, hard, and crunchy
tended to occupy an intermediate position in the CA, consistent
with the citation proportions in Table 2, where there were no
significant differences for these attributes.
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FIGURE 6 | Overall liking of biscuits evaluated by school-aged chil-
dren. Treatments: T15Q.10S (15% quinoa flour, 10% sugar reduction),
T30Q.10S (30% quinoa flour, 10% sugar reduction), and T30Q.20S (30%
quinoa flour, 20% sugar reduction).

Compared to the evaluation by young adults, the results are con-
sistent for the attributes “brittle,” “dark,” and “salty,” which were
perceived in both stages when biscuits contained a higher quinoa
flour content and reduced sugar. Interestingly; however, this asso-
ciation did not extend to the greasy and buttery attributes. These
characteristics showed no consistent trend in relation to either
the incorporation of quinoa flour or the reduction of sugar con-
tent. Hence, in the evaluation involving young adults, the attribute
greasy tended to increase in univariate frequency for biscuits with
greater sugar reduction and quinoa flour, while occupying an in-
termediate position in the CA; conversely, the attribute buttery did
not show univariate differences but was linked to greater sugar
reduction in the multivariate analysis (see Table 1 and Figure 4).

TABLE2 | Proportions of elicitation for sensory attributes of biscuits
evaluated by school-aged children.

Attributes T15.Q10S T30.Q10S T30.Q20S
Dark 0.159 (ab) 0.248 (b) 0.106 (a)
Salty 0.283 (ab) 0.416 (b) 0.212 (a)
Honey 0.425 (a) 0.398 (a) 0.354 (a)
Greasy 0.336 (b) 0.230 (ab) 0.177 (a)
Buttery 0.425 (a) 0.372 (a) 0.319 (a)
Brittle 0.292 (a) 0.212 (a) 0.292 (a)
Sweet 0.699 (a) 0.611 (a) 0.673 (a)
Crunchy 0.735 (a) 0.673 (a) 0.743 (a)
Hard 0.522 (a) 0.451 (a) 0.504 (a)

Note: Attributes in bold indicate a statistically significant difference between
samples according to Cochran's Q test at 5% significance. Different letters
indicate pairwise comparisons according to the McNemar/Bonferroni test at
5% significance. Treatments: T15Q.10S (15% quinoa flour, 10% sugar reduction),
T30Q.10S (30% quinoa flour, 10% sugar reduction), and T30Q.20S (30% quinoa
flour, 20% sugar reduction).

Similarly, in our previous study, it was noted that greasy was as-
sociated with biscuits containing a higher amount of quinoa flour
(30%), whereas buttery was linked to biscuits with a lower incor-
poration of quinoa flour (15%) and moderate reductions in sugar
(10% and 20%) (Alvarez et al., 2025), with the latter being more
consistent with the evaluation involving children in this study. In
light of this, complementary studies are necessary with trained as-
sessors or experts to analyze the intensity of each sensory attribute
and measure its impact on sensory quality.

Differences in the perception of greasy and buttery attributes
between children and young adults may be due to variations
in sensory sensitivity, differences in cognitive interpretation of
the terms used, or specific emotional or cultural associations
with certain flavors or textures (Jeong & Lee, 2021). Example:
Adults might interpret “buttery” as a desirable quality related to
smoothness, while children might associate “greasy” with a less
positive or more intense sensation. These types of differences
suggest the importance of considering consumer profiles when
interpreting sensory data (Worch et al., 2010).

The drivers of liking are shown in Figure 8. Unlike the as-
sessment with young adults, no negative drivers of liking were
identified, which reinforces the assessment strategy used with
young adults to select the best treatments to increase the like-
lihood of liking in children. The attribute with the greatest im-
pact on overall liking was sweet. However, the positive drivers
of liking were generally similar to those of young adults, except
for the attribute brittle. Previous sensory studies indicate that
texture and sweetness are primary drivers of liking in children,
often influencing their food choices more than other attributes
such as aroma or color (Alvarez, 2025; da Quinta et al. 2023).

The attributes sweet, crunchy, and honey did not present sig-
nificant univariate differences (Table 2) and tended to occupy a
central position in the sensory map (Figure 7), that is, they were

0.25
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0.2 e
0.15 T
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< °
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0 ° Hard
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FIGURE 7 | Correspondence analysis of biscuits and their sensory
attributes evaluated by school-aged children. Treatments: T15Q.10S
(15% quinoa flour, 10% sugar reduction), T30Q.10S (30% quinoa flour,
10% sugar reduction), and T30Q.20S (30% quinoa flour, 20% sugar
reduction).
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FIGURE 8 | Penalty-lift analysis of positive (blue bars) drivers of lik-
ing in biscuits evaluated by school-aged children.

characteristics shared among the three treatments evaluated,
which explains the statistical similarity in the overall liking
(Figure 6). These findings highlight the significance of sensory
optimization in catering to the specific preferences of different
consumer groups, particularly children. They tend to respond
favorably to formulations that effectively balance sweetness and
texture with the benefits of functional ingredients, reinforcing
the need for a multidisciplinary approach in product innovation
that integrates sensory science, nutritional improvements, and
consumer-driven strategies (Venditti et al. 2020).

4 | Conclusion

This study proposes a sequential strategy to enhance the sensory
quality of reduced-sugar quinoa biscuits for children, based on
prior evaluation with young adults to select the best treatments.
This selection resulted in three treatments, containing moder-
ate quantities of quinoa flour (15% and 30%) and sugar reduc-
tions (10% and 20%), with balanced sensory properties in flavor
and texture. Key attributes such as sweet, crunchy, honey, brit-
tle, and buttery significantly increased product liking, while
the negative attributes observed in the study with young adults
were eliminated in the children's evaluation. This result, together
with the high levels of acceptance in children (exceeding seven
on the 9-point hedonic scale), even higher than the acceptance
scores in adults, demonstrates the effectiveness of the proposed
strategy. These findings contribute to addressing the dual burden
of malnutrition by promoting nutritionally improved, culturally
relevant, and sensorially appealing foods for children. Further
studies are recommended to validate these findings across larger
and more diverse populations, and a wider range of food products.
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