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Abstract

Purple corn (Zea mays L.) is a superfood native to Peru, highly regarded for its functional properties and commonly used in the preparation
of traditional beverages and desserts, such as chicha morada and mazamorra morada. Following processing, the corn cobs remaining as
a byproduct retain significant amounts of bioactive compounds with potential for utilization. This study proposes their use as a primary
component in the production of teas. To ensure product safety, the moisture content, total ash, and counts of enterobacteria and aflatoxins
in the raw materials were first evaluated. Fourteen formulations were developed, varying in the proportions of corn cobs, quince, stevia,
cinnamon, and cloves, as well as extraction times (5 and 10 minutes at 100 °C) with hot water. Two rapid sensory evaluation methods using
consumer panels were applied sequentially: Flash Profile (FP) and Check-All-That-Apply (CATA), External preference mapping was then
conducted, and the most acceptable teas were subjected to instrumental characterization. The FP methodology generated 400 sensory
descriptors, classified semantically, from which 12 key descriptors were selected for the CATA test: sweet, stevia flavor, quince flavor, fruity
flavor, fruity smell, astringent, bitter, cinnamon smell, reddish color, acid, purple and "Chicha morada” flavor. The confidence ellipses in the
FP Multiple Factor Analysis (MFA) space allowed to identify six groups of formulations for the CATA test. This test revealed that the
characteristics that improve consumer acceptability are: “Chicha morada” flavor, fruity flavor, sweet and fruity smell. The External Preference
Mapping allowed to determine the formulations, with 90% preference among consumers, despite not being the ones with the highest
concentrations of total polyphenols, antioxidant activity and monomeric anthocyanins. In conclusion, the sensory methodologies applied
in this study help to elucidate the sensory characteristics that influence consumer acceptability, representing valuable tools for the
development of new functional products from purple corn by-products.
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1. Introduction

Purple corn (Zea mays L.) is a superfood native of
Peru that is also grown in other countries such as
Ecuador, Bolivia, and Argentina (Jing et al., 2007).
This cereal has gained interest due to its functional
properties, acting mainly as an antioxidant and
hypoglycemic agent (Salvador-Reyes et al., 2022;
Lao et al, 2017; Xu et al,, 2021; Diaz-Garcia et al.,
2021). The most important compounds present in
purple corn are anthocyanins like: cyanidin-3-
glucoside, pelargonidin-3-glucoside, peonidin-3-
glucoside and their respective acylated derivatives
(Mohammadalingjhad et al.,, 2023; Yang & Zhai,
2010; Lao & Giusti, 2018; Pedreschi & Cisneros-

Zevallos, 2007). In addition, purple corn also
contains several phenolic compounds such as
vanillic acid, p-coumaric acid, protocatechuic acid,
quercetin and hesperetin derivatives (Pedreschi &
Cisneros-Zevallos, 2007). These compounds are
known to reduce blood pressure by increasing the
total antioxidant capacity of the blood. In addition,
they reduce cholesterol and prevent various types
of cancer, as they counteract the harmful effects of
free radicals, oxidative stress and carcinogenesis;
therefore, their regular intake is useful even for
people who do not suffer from any disease (Guillen-
Sanchez et al., 2010; Lao et al., 2017).
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Over the years, purple corn has been used as an
important component in the preparation of typical
Peruvian drinks and desserts, such as chicha
morada, which is a non-carbonated drink obtained
by cooking corn together with other fruits and
spices; and mazamorra morada, which is a dessert
made from concentrated of chicha morada with the
addition of thickeners (Ramos-Escudero et al., 2012;
Salvador-Reyes et al., 2022; Ramos-Guerrero et al.,
2021). Purple corn cobs are generally considered
by-products or agricultural waste; however, they
contain significant amounts of polyphenolic com-
pounds (Diaz-Garcia et al., 2021; Lao & Giusti, 2018;
Yang & Zhai, 2010). For this reason, they have been
studied as raw materials for the development of
extrudates (Rolandelli et al., 2023), tea (Diaz-Garcfa
et al, 2021), and even bioactive films (Chavez-
Marquez et al., 2023). Although their use in tea
production has not been widely explored, they
represent a promising alternative due to their ease
of application and health-promoting properties,
particularly their high content of anthocyanins and
phenolic compounds, which make them a valuable
source of natural antioxidants (Ramos-Escudero et
al, 2012; Laoc et al., 2017). This is because the highest
concentration of the aforementioned bioactive
compounds is found in the purple corn cob (Rojas
et al,, 2025), thanks to the biosynthesis of nitrogen,
necessary for grain growth, which accumulates in
the cob in the form of phenolic acids and
anthocyanins (Seebauer et al., 2004).

In Peru, the purple corn variety INIA-601, developed
by the National Institute of Agrarian Innovation
(INIA) of the Ministry of Agrarian Development and
Irrigation (MIDAGRI), has gained interest because it
contains a higher concentration of anthocyanins
(6.34% and 3.03% in the cob and husk, respectively)
(INIA, 2019). Diaz-Garcia et al. (2021) studied the
optimization of a low-calorie natural antioxidant tea
prepared from purple corn cobs, obtaining
important results of antioxidant activity measured
by ORAC (9.09 + 0.29 umol TE/mL) and monomeric
anthocyanins (97.19 + 4.40 mg C3GE/L), evidencing
its potential use as a functional tea. However, no
optimization or validation was carried out
considering the sensory perception of consumers.
Tea is the second most popular non-alcoholic
beverage in the world after water, due to its mild
stimulating  effects, nutritional and  functional
properties, and pleasant taste (Wang et al., 2022).
Since ancient times, tea has been the most common
form of dietary supplement used by the Peruvian
population for health care and the treatment of
common ailments; this practice has become
established as an integral part of daily life in the
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country (Wang et al, 2017). Consequently, per
capita consumption of herbal teas in Peru reaches
35.8 cups per year, ranking it fifth in Latin America
with the highest consumption. Aromatic infusions,
such as anise, chamomile, tea, cinnamon, and clove,
are the most popular, showing a sustained average
annual growth of 4% (Euromonitor International,
2024). The growing consumption of herbal teas in
Peru boosts the local economy by stimulating the
cultivation of aromatic and medicinal plants,
generating income for small producers. It also
fosters the development of value-added products
and promotes the creation of sustainable busi-
nesses. Generally, tea extracts have a unique sweet
aftertaste (Zhang et al., 2020) and a representative
floral flavor (Su et al., 2022); however, they may
cause undesirable sensory perceptions, due to
bitterness and astringency (Zhang et al., 2020) that
directly influence tea quality and consumer
preference (Li et al., 2019, Yang et al., 2013). For this
reason, in the present development a natural and
healthy component has been included that
provides sweetness to the developed tea, which is
stevia, because, on the one hand, there is a wide
tendency to consume low-calorie sweeteners as
alternatives to saccharose (Guggisberg et al., 2011)
and, on the other hand, the aim is to develop an
instant food preparation that is quick to consume,
in accordance with food trends.

Most published sensory studies on tea use highly
trained panelists who are instructed to compare the
various sensory attributes with a standard tea (Deng
et al,, 2023, Han et al,, 2022, Zeng et al., 2023, Cao
et al., 2021). It is known that during the evaluation
some subjective factors may be present, such as the
environment where the evaluation is carried out,
personal preferences, mood, degree of specializa-
tion and idiosyncrasy of the panelists (Zhu et al.,
2017; Li et al,, 2019). So, it is of great interest to
include strategies that are more flexible and include
the voice of the consumer in the design and devel-
opment of the product (Liflan-Pérez et al., 2023),
since consumer panels capture real-world percep-
tions and preferences, this improves external valid-
ity compared to trained panels. Flash Profile (FP)
and Check-All-That-Apply (CATA) are alternative
and rapid methods compared to conventional
methods that can be used for specific purposes (Lee
et al, 2021). FP is a verbal method where relative
intensity is assessed on an ordinal scale, while CATA
generates a binary response (presence/absence)
(Lee et al,, 2021). One of the main challenges of the
CATA method lies in the careful design and selec-
tion of terms, ensuring that consumers can easily
tick those they find appropriate to describe the sen-
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sory attributes of the samples (Bruzzone et al., 2015;
Dooley et al., 2010). Since the CATA method is lim-
ited by the generation of sensory vocabulary, ap-
plying a complementary method such as the Flash
Profile allows consumers to be included throughout
the development process, as they generate their
own vocabulary. Furthermore, CATA allows for the
introduction of hedonic responses that provide an
understanding of product acceptance and its
approximation to the ideal consumer profile, which
is a limitation of the Flash Profile. In general,
complementing consumer-based sensory methods
with each other allows for greater insights into the
potential impact of products on the market by
analyzing consumer perception (Galarreta-Morales
2025; Liflan-Pérez 2023).

There are no previous studies in which these sen-
sory techniques are used simultaneously and com-
plementarily for the development of foods with a
focus on the consumer. Furthermore, there is no
application for a rapid sensory profile adopted as a
sample of purple corn cob teas. Therefore, the ob-
Jjectives of this research were: (1) to generate a lexi-
con for the sensory description of tea products us-
ing Flash Profile (2) to use the sensory profiles gen-
erated by CATA and Flash Profile methodologies in
the sensory development of tea, and (3) to identify
the best formulation using External Preference

Mapping.

2. Methodology

The development of purple corn cob-based teas
was carried out in 3 stages: (1) preparation of the
tea, (2) sensory development of the formulations
and (3) evaluation of the sensory preference by
consumers. The tea was prepared according to the
procedure of Diaz-Garcla et al. (2021) with some
modifications. To do this, the selection and cleaning
of the purple corn cob (variety INIA 601), quince
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(Cydonia oblonga), stevia (Stevia reaudiana Bertoni),
cinnamon  (Cinnamomum  verum) and clove
(Syzygium aromaticum) was carried out. Then, they
were washed and disinfected by immersion in
sodium hypochlorite (70 ppm) for 5 minutes. They
were rinsed and allowed to drain naturally. The corn
cob and quince were cut (2 mm) and dried (Reter,
DRR-200) at 60 and 56 °C, respectively, until
obtaining a moisture less than 5%. Afterwards,
grinding (Robot Coupe® R5VV) and sieving were
carried out to obtain an average particle size of
2000 pm. The raw materials were blended
according to the formulations presented in Table 1.
The optimal formulation (C) from a previous study
by Diaz-Garcia et al. (2021) was used, which
maximized the antioxidant activity (ORAC) and total
monomeric anthocyanin content (TMAC) of a
purple corn cob-based tea using a D-optimal
design. A control (A) containing only purple corn
cob was included. B was obtained by maximizing L*
(L* = 58.94), C by minimizing L* (L* = 42.75), and D
by establishing a mean L* value (L* = 50.84) from
the study by Dfaz-Garcia et al. (2021) (data not
reported). Interestingly, C was similar to the optimal
formulation by Dfaz-Garcia et al. (2021). In addition,
formulations E, F, and G, which did not contain
stevia, were included. The goodness of fit of the
model was checked with the lack of fit (p > 0.05),
the coefficient of determination (R?) and the
R%adjusted. Cinnamon and clove fractions were fixed
relative to the sum of the other materials according
to the percentages of 3.33, for cinnamon and 0.25
for clove based on preliminary tests. Then, they
were packaged in corn fiber tea bags (6x8 cm) and
irradiated (Gammabean 127 IR194) at the facilities of
the Servicio Nacional de Sanidad Agraria (SENASA)
at 8 kGy for 30 minutes to ensure their microbial
stability.

Table 1
Percentage formulations of purple corn cob-based tea and extraction parameters for sensory evaluation
Encode of ’ ) Cinnamon .
formulas Purple corn cob (%) Quince (%) Stevia (%) %) Clove (%) Extraction parameters

A 100 0.0 0.0 0.0 0.0

B 48.9 39.2 8.3 33 0.3

@ 83.6 4.5 8.3 33 0.3 .
D 633 248 8.3 33 03 100 °Cx10 min

(250 mL)

E 53.4 427 0.0 3.6 0.3

F 91.2 49 0.0 3.6 0.3

G 69.1 27.0 0.0 3.6 0.3

H 100 0.00 0.0 0.0 0.0

| 48.9 392 83 33 0.3

J 83.6 4.5 8.3 33 0.3 )
K 633 248 8.3 33 03 1007°C x5 min

(250 mL)

L 534 427 0.0 3.6 0.3

M 91.2 49 0.0 3.6 0.3

N 69.1 27.0 0.0 3.6 0.3
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2.1. Physicochemical analysis

The tea raw materials (purple corn, quince, stevia,
cinnamon, and clove) were characterized by their
moisture and ashes content using the method
984.25 (AOAC, 2019) and the Mexican Standard
NMX-F-527 (NMX, 1992), respectively. The tea
formulations  with  the highest acceptability,
identified by external preference mapping, were
characterized by their moisture content (AOAC,
2019), pH (method 918.12, AOAC, 2019), total solids
content (NMX, 1992) and L*a*b* values using a
colorimeter Konica Minolta CM-5 (Diaz-Garcfa et
al., 2021). All analyses were performed in triplicate.

2.2. Total Polyphenol Content (TPC)

The total polyphenol content (TPC) was determined
according to the modified Folin-Ciocalteu method
of Singleton & Rossi (1965). For this purpose, 50 pL
of tea extracts were mixed with 50 uL of Folin-
Ciocalteu reagent (1:5, v/v) in a 96-well plate and
left to stand for 2 min. Then, 100 uL of NaOH (0.3
M) was added and placed in the Multi-Mode
microplate reader (Biotek Instruments Inc., Synergy
HTX), where it stood for 5 min and then the
absorbance was measured at 760 nm for 60 min.
The results were expressed in mg GAE/L of extract.
The analysis was performed in triplicate.

2.3. Total monomeric anthocyanins

Total anthocyanin monomeric (TAM) content was
determined by the slightly modified pH differential
method (Giusti & Wrolstad, 1996). Extracts were
centrifuged (10,000 RPM for 10 min at 4 °C) and
mixed with buffers (1:40) at pH = 1 (potassium
chloride) and pH = 4.5 (sodium acetate) in a 96-well
plate, where absorbance was read at 520 and 700
nm. TAM content was determined using equation 1
and expressed as mg of cyanidin-3-glucoside/L of
extract (mg C3GE/L). The analysis was performed in

triplicate.
C3GE) _ (D(MW)(DF)1000
)= e —

(1)

Where: A (absorbance) = (Asz0 — A700)pH=10 — (As20
— A700)pH=45 MW (molecular weight) = 449.2 g/mol
de cyanidin-3-glucoside, DF = dilution factor;
1000 = conversion of g to mg; € (molar absorptivity
coefficient in L/mol/cm  for  cyanidin-3-
glucoside) = 26.900; 1 = length of the path in cm.

TAM (mg

2.4. Oxygen Radical Absorbance Capacity (ORAC)
assay

The ORAC method was applied according to the
recommendations of Diaz-Garcia et al. (2021). The
extracts were centrifuged (Labortechnik GmbH,
Z216MK) at 10,000 RPM for 10 min at 4 °C and the
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supernatant was recovered. Then, extraction was
performed with acetone:water (70:30, v/v) at room
temperature and centrifuged again at the same
parameters to finally recover the supernatant. Then,
150 pL of fluorescein solution (111.2 nM) was placed
in each well of a 96-well black microplate and 25 uL
of the supernatant was added (phosphate buffer at
pH 7.4 and 75 mM was used as diluent). The plates
were then incubated at 37 °C for 30 min and 25 pL
of 2,2'-azobis (2-amidinopropane) dihydrochloride
(153 mM) was added to all wells to make a final
volume of 200 pL. The fluorescence intensity was
measured using a multimode microplate reader
(Biotek Instruments Inc., Synergy HTX) with an
excitation and emission wavelength of 485 nm and
520 nm, respectively. The results were expressed in
pmol TE/mL of extract. The analysis was performed
in triplicate.

2.5. Enterobacteria count

Enterobacteria counts were performed on the raw
materials (purple corn cob-INIA 601, quince, stevia,
cinnamon and cloves) and on the tea after
irradiation, according to the ICMSF (2000). The
sample (10 g) was weighed with 90 mL of 0.1%
peptone water and shaken for 5 minutes. Serial
dilutions were made with 1 mL of each dilution and
9 mlL of the diluent, generating a battery of 5
consecutive dilutions. Subsequently, T mL of each
dilution was added to the Petri plates and liquefied
malt extract agar cooled to 45 °C was added.
Finally, when it solidified it was incubated at room
temperature for 5 days alternating light/darkness 12
hours at 37 °C for 24-48 hours. After the incubation
process, the count of present colonies was
performed.

2.6. Aflatoxin determination

The total aflatoxins (B1, B2, G1, and G2) in the raw
materials were also determined according to the
AOAC methodology (2019). A total of 12.5 g of ho-
mogenized sample was weighed and mixed with 50
mL of an extraction solution composed of acetoni-
trile:water (84:16, v/v). The extract was filtered and
8mL of the filtrate were transferred into glass tubes
and purified by passing through Mycosep 226
AflaZon+ cartridges. The resulting solution was fur-
ther filtered through 0.22 um PTFE syringe filters.
After purification, separation of aflatoxins [AFB1
(B2a), AFB2, AFGT1 (G2a), and AFG?2] was carried out
using a reverse-phase C18 chromatographic col-
umn (100 mm x 2.1 mm, 1.7 um). The mobile phase
consisted of 10 mmol ammonium acetate (A) and
methanol (B) in a 95:5 (v/v) ratio, with a flow rate of
0.3 mL/min. The injection volume was set to 2uL,
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and the column temperature was maintained at 40
°C +1°C. Detection and quantification were per-
formed using a fluorescence spectrophotometer
coupled to an integrator grapher, following the
standard calibration curve approach.

2.7. Identification of attributes and sensory
characterization of tea formulations

The sensory development consisted of the
application of the Flash Profile (FP) and Check all
that apply (CATA) methods in a complementary
manner. First, the FP was used in order to obtain
the list of sensory characteristics of the purple corn
cob-based formulations; in addition, it served to
identify those samples that were different from each
other and that served as a basis for the application
of the CATA methodology, which allowed obtaining
the sensory profile of the samples and the external
preference mapping.

2.7.1. Consumer recruitment

For each method, 100 consumers, with ages
between 20 and 50 years old, signed free and
informed consent to participate in the study. They
were asked to fill out a prior exploratory survey,
where the main selection criteria were the interest,
the availability to participate in the study and the
frequency of consumption of non-alcoholic
beverages such as chicha morada or similar
products (Esmerino et al., 2017; Wang et al., 2023).

2.7.2. Preparation of tea formulations

To carry out the sensory test, the extracts were
obtained according to the recommendations of
Castafieda-Saucedo et al. (2020). To do this, a tea
bag was placed in each cup and then water at 100
°C was added until completing 250 mL. Two resting
times (5 and 10 min) were considered for each
formulation (Table 1), making a total of 14
treatments. Subsequently, the tea bags were
removed, and the extracts were allowed to cool to
room temperature (approximately 25 °C). Each tea
extract was prepared instantly before each session
and was supplied to the consumer in 50 mL
containers. Additionally, 150 mL of table water was
provided for participants to rinse their mouths
between each sample, to avoid saturation of flavors
(Kemp et al., 2018).

2.7.3. Flash Profile (FP)

FP was applied in two sessions: in the first 45-
minute session, consumers freely generated
sensory characteristics for the 14 formulations
provided in sequential monadic order, and they
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were also asked to define each term in their own
words (Heo et al., 2023); in the second 75-minute
session, all samples were provided simultaneously
to rank them, with ties allowed, according to the
intensity of each sensory characteristic generated in
the first session. Scores were coded according to
the rank order of each sample for each sensory
descriptor (from 1: very weak to 14: very strong). In
case of a tie, samples were coded as the mean of
their respective ranks (Delarue & Sieffermann,
2004).

2.7.4. Check All That Apply (CATA)

For the CATA methodology, the presentation of the
samples was monadic, according to a balanced
random design. As recommended by Ares & Jaeger
(2013), the order of presentation of the terms in the
evaluation booklet was balanced between the
samples and between the consumers, so that each
consumer evaluated each of the samples with the
terms grouped in a different order. Each sample
was initially coded with three-digit random
numbers. However, for consistency and clarity in
the presentation of results, the sample codes from
the Flash Profile methodology (labeled A to N) were
adopted throughout the manuscript. Sensory
characterization of the formulations by CATA was
performed using the sensory terms collected from
the FP related to appearance, aroma, flavor, texture,
aftertaste, and mouthfeel. The order in which the
terms of the CATA list were presented was different
for each product and each participant (Ares et al.,
2014). For the evaluation, consumers were asked to
taste the sample and select all the terms that apply
or describe the sample they are evaluating (Vidal et
al., 2018).

2.7.5. External Preference Mapping (EPM)

Sensory acceptability was obtained by applying a
hedonic scale test in which the participant was
asked about their degree of acceptability with the
evaluated sample using a nine-point scale where:
1= 1 do not like it very much and 9= | like it very
much (Jaeger et al, 2018). EPM was performed
using the consensus space obtained from the
Correspondence Analysis (CA) of the CATA data. A
circular preference model was then fitted, following
the proposal by Varela and Ares (2014) and Dooley
et al. (2010) which considers consumer preference
to be radially distributed around an ideal point in
the sensory map. This model allows for the
identification of regions of greatest acceptance
using the Euclidean distance between the samples
and said ideal point.
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2.5. Statistical analysis

2.5.1. Analysis of instrumental data

The data obtained from the instrumental character-
ization were processed using one-way analysis of
variance, after verifying the assumptions (normality
of residuals, homoscedasticity, and independence).
Finally, Tukey's multiple comparison test was used.
A significance level of p < 0.05 was applied to all
statistical analyses.

2.5.2. Sensory data analysis

a. Flash Profile data analysis

FP data were processed with Multiple Factor
Analysis (MFA), where confidence ellipses were
constructed using the truncated total bootstrap to
elucidate cluster formation. This approach allowed
the simultaneous analysis of both panelist and
product variability, enabling the identification of
significant perceptual differences between samples.
The use of bootstrapped ellipses provides a robust
visualization of sample grouping, offering statistical
support for the consistency of sensory profiles
across replicates or assessors (Pages, 2005).

b. CATA data analysis and external preference
mapping

CATA data were decoded (0/1) and a contingency
table was constructed, on which a CA was
performed, previously Cochran's Q test was used to
assess whether consumers detected significant
differences between the samples for each of the
terms of the CATA questionnaire. Cochran's Q test,
based on a permutation approach, yielded more
precise p-values. It involved generating 1,000
random permutations of the characteristic-
formulation matrix under the null hypothesis,
recalculating the Q statistic for each permutation to
construct an empirical distribution of the statistic.
The p-value was estimated as the proportion of
permutations whose Q value was equal to or
greater than the observed Q value, allowing for a
more robust assessment of statistical significance.
Coordinate and penalty analysis were performed to
obtain the ideal profile along with taste ratings
measured on the hedonic scale (Varela & Ares,
2014). The consensus space of the Correspondence
Analysis of the CATA test was used in order to

Table 2

Mora-Velit et al.

obtain the External Preference Map with the
PREFMAP function (Varela & Ares, 2014).

All statistical analyses for the sensory data were
performed using the FactoMineR (Lé et al., 2008),
SensoMineR (L& & Husson, 2008), Agricolae (De
Mendiburu & De Mendiburu, 2019) and R language
packages (R Core Team, 2024).

3. Results and discussion

3.1. Characterization of raw material

Table 2 shows the results of the physicochemical
characterization of the raw materials used to make
the tea formulations.

It can be observed that they had a moisture below
9.18 + 1.68 % and a total ash content that varied
between 0.47 + 0.17 (quince) and 500 + 0.26
(clove). Enterobacteria count values ensured the
safety of the tea (<10 CFU/g); in addition, the
presence of aflatoxins was not detected in any of
the inputs. The moisture content of the five samples
was less than 10% to ensure their stability during the
production process. Enterobacteria count is a very
important parameter in the production of tea media
to ensure their safety. The results, shown in Table 2,
are within the range established by RM N° 591-98-
SA of the Ministerio de Salud del Perd (MINSA,
2008), whose value corresponds to maximum levels
of 10° CFU/qg.

Aflatoxins are known to be secondary metabolites
produced by fungi of the genera Aspergillus and
Penicillium. The pathophysiological effects of
aflatoxins in humans include liver cancer, cirrhosis,
and accumulation in human tissues (Rojas et al.
2021); therefore, their study or identification is
important. Some authors such as Windham et al.
(1998) reported aflatoxin values between 70 and
11,936 ppm; they also found 6 inputs and foods that
had values higher than the permitted 20 ppm,
including mote corn (Zea corn) (33.20 ppb + 0.66),
showing that these compounds can persist despite
the preparation of food since they are thermostable
molecules, and can cause cumulative damage to
the body. However, in this study the presence of
aflatoxins was not detected, ensuring the safety of
the formulations.

Moisture, total ash (mean + SD), enterobacteria and aflatoxins (B1, B2, G1, and G2) of the main tea raw materials

Raw material Moisture Total ashes Enterobacteria Total Aflatoxins
(%, bs) (%, bs) (CFU/ g) (B1, B2, G1 and G2)
Purple corn cob 493 + 0.62 2.57 + 114 <10 No detected
Quince 3.03+0.98 0.47 + 0.17 <10 No detected
Stevia 9.18 + 1.68 179 £ 092 <10 No detected
Cinnamon 3.96 + 0.96 425+ 113 <10 No detected
Clove 8.52 + 115 5.00 + 0.26 <10 No detected
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3.2. Development of tea using Flash Profile and
CATA

3.2.1. Generation of sensory descriptors

The Flash Profile methodology allowed generating
400 sensory descriptors divided into color (148),
flavor (199), smell (43) and texture (10), which were
grouped according to their semantics, the number
of times they were repeated and their correlation (r
> 0.6) with the first 2 dimensions of the MFA, as
shown in Table 3.

Table 3

Sensory descriptors generated using the Flash Profile
methodology

Dimension  Correlation  Sensory descriptor

sweet (31), stevia flavor (18),
+ quince flavor (7), fruity flavor
1 (10), fruity smell (9)
astringent (7), bitter (11), smell of
cinnamon (8)

+ reddish color (10), acid (20)

purple color (22), “chicha

morada" flavor (6)

Values in parentheses represent the number of times the sample was
repeated.

The 12 sensory descriptors obtained for the purple
corncob tea samples can be grouped according to
flavor (stevia flavor, quince flavor, fruity flavor, fruity
smell, “chicha morada” flavor, smell of cinnamon);
basic tastes (sweet, bitter, acid); appearance (red-
dish color, purple color) and texture (astringent).
These sensory characteristics are similar to those
obtained by Zheng et al. (2024) who, through a
panel of trained judges, determined the sensory
profile in pickled tea samples, whose characteristics

Mora-Velit et al.

were: acidic, floral, fruity, sweet, woody, rancid,
bitter, astringent, sweet and umami flavor. Regard-
ing the term "stevia flavor," it is important to note
that consumers were able to distinguish this flavor,
as many of them indicated in the recruitment survey
that they included stevia as a natural sweetener in
their daily diet. In fact, Saharudin (2020) mentions
that the inclusion of stevia in high concentrations
produces a licorice-like flavor and a bitter aftertaste.
About the number of descriptors, in the present re-
search a greater number was obtained because,
when using the FP, the number of terms generated
is based on the number of evaluators and the de-
scriptive capacity they possess (Puma-lsuiza, 2020).
Likewise, Dairou & Sieffermann (2002) used two dif-
ferent panels to compare the efficiency of the FP
with the conventional profile in red fruit jams, where
they found that the two procedures produced sim-
ilar information. However, the FP proved to be
faster than the conventional profile but less self-
explanatory from a semantic point of view. From the
information generated in Table 3, twelve sensory
descriptors were generated which were subse-
quently used to construct the evaluation sheet used
in the CATA test.

Furthermore, the confidence ellipses drawn on the
MFA space (Figure 1) allowed the formation of 6
groups: where teas E, G, L, and N form one group
because they present no perceived significant dif-
ference (the ellipses intersect); teas A, F, H, and M
form the second group; teas C, K, and J form the
third group; and teas B, D, and | each form a group
because their confidence ellipses do not intersect.

Dim 2 (27.66 %)

S

-10 0

10

Dim 1 (40.94 %)

Figure 1. Representation of the Multiple Factor Analysis of the Flash Profile of the 14 purple corn-based tea extracts.
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Considering the degree of differentiation perceived
by consumers, it was decided to include samples B,
D, and | in the subsequent stage of the evaluation
using the CATA methodology; and it was decided
to include representative samples of each group
formed, taking into account that, in a preliminary
study (data not shown) where acceptability was
evaluated with a 9-point hedonic scale (1 = | don't
like it very much and 9 = I like it very much) of the
14 formulations, it was observed that teas
formulated without stevia obtained a very low score
in terms of acceptance (A, E, F, G, H, L, M, and N),
so they were not considered in the next stage of the
study; however, despite the fact that samples H and
M obtained low hedonic scores, it was decided to
include them as negative controls, since sample H
only contained purple corn cob and sample M
contained all the inputs except stevia. Finally, from
the group consisting of teas C, K, and J, formulation
K was chosen, which was distinguished from the
other 3 by its formulation. Among samples K and C,
which had the same formulation but different
preparation times, the one with the shortest
preparation time was chosen (K). In this regard, the
following samples were considered for evaluation in
the next stage: B, D, H, I, J, K, and M.

3.2.2. Sensory characterization by CATA

The final CATA assessment (Table 4) was evaluated
with Cochran's Q statistical test, which managed to
identify 12 sensory attributes which were statistically
different (p < 0.05) between the formulations under
study.

Table 4 shows the Cochran's Q test results in
significant differences (p < 0.05) of the 12 terms of
the CATA questions, which were used to describe
the tea formulations, suggesting that consumers
perceived differences in the sensory characteristics
of the extracts evaluated, justifying their inclusion in
the report card.

Table 4
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The correspondence analysis of the frequency table
of the sensory descriptors evaluated by CATA
(Figure 2A) allowed us to better understand how
the formulation affected the sensory profile of the
purple corn cob-based extracts. It is possible to ob-
serve that samples H and M, which did not contain
stevia, are far from the projection of the “ideal” vec-
tor, corroborating the criterion of removing the
other similar formulations from our study. On the
other hand, samples D and K are associated with
the presence of reddish color, and samples | and B
with a fruity smell, and Stevia flavor that is associ-
ated with the sweet taste. Sample J is mainly asso-
ciated with the "Chicha morada” flavor and quince
flavor and is the sample that is closest to the ideal
vector.

Figure 2A shows the representation of the samples
and the sensory descriptors in the first two coordi-
nates of the correspondence analysis using x2 dis-
tances. The first and second dimensions explained
90.47 percent of the variance of the experimental
data. According to Lifian (2019), methodologies
with consumers naturally have intrinsic variability.
The distance between the points corresponding to
the samples is a measure of their similarity.

On the other hand, Figure 2B allowed us to eluci-
date the sensory descriptors that influence con-
sumer acceptability, the most relevant being the
"Chicha morada” flavor, fruity flavor, sweet and
fruity smell. Saldafia et al. (2018) evaluated samples
of mazamorra morada with the incorporation of ex-
tracts of purple corn, quince and spices; and deter-
mined that the perception of the fruity flavor char-
acteristic of purple corn must be present in the des-
sert to increase consumer acceptability. Likewise,
Zapata et al. (2019) determined that the addition of
quince during beer maceration increased the con-
centration of volatile compounds related to fruity
and floral sensory descriptors, which increased
product acceptance.

Cochran's test for each of the sensory descriptors used in the CATA questionnaire. Sensory descriptors with p-value < 0.05 are

considered to have statistically differentiated the samples

Descriptors p-value B D H | J K M

Purple color 0.0000 0.140 (a) 0.220 (a) 0.880 (d) 0340 (ab)  0.780 (cd)  0.520 (bc)  0.800 (cd)
Reddish color 0.0000 0.540 (cd) 0.760 (d) 0.100 (a) 0.340 (abc)  0.200 (ab)  0.460 (bc)  0.160 (a)
Sweet 0.0000 0.900 (b) 0.760 (b) 0.000 (a) 0.920 (b) 0.840 (b)  0.760 (b) 0.040 (a)
Stevia flavor 0.0000 0.820 (b) 0.660 (b) 0.000 (a) 0.780 (b) 0780 (b)  0.740 (b)  0.020 (a)
Bitter 0.0000 0.040 (a) 0.040 (a) 0.260 (b) 0.000 (a) 0.040 (a)  0.040 (@)  0.420 (b)
Astringent 0.0044 0.040 (a) 0.100 (a) 0.200 (a) 0.040 (a) 0.080 (a) 0.060 (@)  0.220 (b)
Acid 0.0019 0.260 (b) 0.060 (a) 0.060 (a) 0.080 (a) 0.140 (@b) ~ 0.060 (a) 0.080 (a)
"Chicha morada" flavor ~ 0.0000 0.680 (b) 0.620 (b) 0.160 (a) 0.680 (b) 0760 (b) 0740 (b)  0.220 (a)
Quince flavor 0.0000 0.440 (b) 0.320 (ab) 0.100 (a) 0.420 (b) 0.320 (ab)  0.200 (ab)  0.100 (a)
Fruity flavor 0.0000 0.600 (b) 0.540 (b) 0.200 (a) 0.580 (b) 0.640 (b)  0.640 (b)  0.240 (a)
Smell of cinnamon 0.0017 0.140 (a) 0.220 (ab)  0.280 (ab) 0.080 (a) 0.280 (ab)  0.220 (ab)  0.420 (b)
Fruity smell 0.0000 0.660 (b) 0.580 (b) 0.160 (a) 0.660 (b) 0.620 (b)  0.600 (b)  0.040 (a)
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Figure 2. Representation of the tea formulations, the ideal product and the terms in the first and second dimensions of the
correspondence analysis of the CATA counts (A) and (B) Representation of the influence of the sensory terms on consumer acceptability.

The penalty analysis (Figure 3) shows the effect of
drops in the mean of overall liking in relation to the
fraction of consumers who perceived a sensory de-
scriptor differently depending on the ideal product
compared to the formulations under study. That is,
the positive connotations show a need to increase
this attribute to meet consumer expectations, con-

sidering ideal parameters in product development.
Regarding the colors of each attribute, blue means
too low and red means too high. The dotted vertical
line represents the minimum of 20%, indicating that
percentages lower than this value are likely
inconsequential for the purpose of the evaluation
(Marketo & Moskowitz, 2004).
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Figure 3. Average drops in overall liking of tea extracts according to penalty analysis.

Figure 3 shows that the characteristics rated too
high (red) are located before the dotted line, so
these attributes are inconsequential for the purpose
of this evaluation, as they will not negatively influ-
ence consumer perception. The characteristics ste-
via flavor, fruity smell, sweet, fruity smell, “chicha
morada” flavor and quince flavor are located be-
yond the dotted line, and each shows average
drops greater than 1. Varela & Ares (2014) mention
that when a nine-point liking scale is used and the
average drop is 1, this value is considered a
reference for indicating a significant decrease in a
product's liking. Therefore, the reddish color and
acidic characteristics, perceived as too low, gener-
ated a significant decrease in the acceptability of
the formulations evaluated. So, the characteristics
that are necessary to be present in the formulations
are: sweet, stevia flavor, "Chicha morada" flavor,
fruity flavor and smell, quince flavor.

3.2.3. External preference mapping

Figure 4 shows the external preference mapping
using the PREFMAP technique based on the first 2
dimensions of the CATA Correspondence Analysis
based on the evaluation carried out using a hedonic
scale. The contour lines correspond to different
percentages of consumers who rated their overall
liking for the seven tea formulations under study,
which allows us to observe the clusters that have a
preference above the average in each region of the
preference map. Samples M and H are in an area
where the percentage of consumers who liked them
was 40 and 50 percent, respectively. On the other
hand, the samples that were most liked were |, B, D,
K and J; these were located near areas where the

percentage of consumers who rated their overall
liking highly was 90, 90, 80, 80 and 80 percent,
respectively.

Figure 4 shows that samples B and | are highly ac-
cepted by 90% of the consumers who participated
in the test. They have the same formulation and dif-
fer only in the preparation time, which apparently
would be indifferent to consumer acceptability. On
the other hand, these samples, B and |, have a lower
percentage of corn cob in their formulation com-
pared to samples D, K'and J (which were highly ac-
cepted by 80% of consumers); this could be affect-
ing the taste of the teas due to the presence of phe-
nolic compounds such as: vanillic acid, p-coumaric
acid, protocatechuic acid, quercetin and hesperetin
derivatives (Pedreschi & Cisneros-Zevallos, 2007)
which can contribute a bitter taste and astringency
(Oliveira et al., 2014). Likewise, samples B and | have
a higher quince content, which provides a fruity
sensory profile given by the following compounds:
ethyl octanoate (pear flavor), butyl acetate (banana
flavor), 1-hexanol (herbaceous flavor) and ethyl hex-
anoate (apple and pineapple flavor) (Grifian et al.,
2019), resulting in increased acceptability in the
samples evaluated.

Based on external preference mapping, formula-
tions B, I, and D were selected because they were
the most accepted by the majority of consumers, as
shown in Figure 4; in the case of formulations K and
J, since they were perceived as statistically similar
(Figure 1), sample J was chosen because it was po-
sitioned closer to the ideal product for the con-
sumer (Figure 2). These four samples (B, D, |, and J)
were evaluated according to their physicochemical
properties in the final stage of the research.
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3.3. Instrumental characterization of tea

The physicochemical characterization of the 4
extracts obtained from purple corn cob-based tea
formulations (B, J, I, and D) is shown in Table 5. It
can be observed that the pH varied between 3.8 +
0.26 (sample ) and 4.5 + 0.70 (sample J), and there
was no significant difference (p > 0.05) between the
moisture of all the samples. Regarding the total
solids in dry extract, values below 4.26 + 0.95 were
obtained. Sample J obtained the highest values of
antioxidant activity (9.09 + 0.29), total polyphenol
content (27817 + 10.77) and total monomeric
anthocyanins (97.19 + 4.40) compared to the other
3 selected samples; also, lower luminosity values
(44.45 £ 1.01), possibly due to the higher AMT
content.

In Table 5, sample J obtained the highest values in
terms of its antioxidant activity (p < 0.05) evaluated
by the ORAC method (9.09 + 0.29 umol TE/mL),
total polyphenol content (p < 0.05) (278.17 + 10.77
mg GAE/L) and monomeric anthocyanin content
(97.19 + 4.40 mg C3GE/L), compared to samples B
and D (Table 5), possibly because it had less

Table 5
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exposure time (5 minutes) to 100 °C during
preparation and there could have been a
degradation of its bioactive compounds decreasing
its functional properties. On the other hand, sample
J was the prototype that contained a higher content
of purple corn cob (83.6%) giving it these high
contents of antioxidant activity.

On the other hand, it is known that in natural pro-
ducts made with plant extracts, the main problem
of deterioration is microbial growth, because
factors such as pH, CO; rate, low amount of
nitrogenous substances and sugar concentration,
constitute a favorable environment for their growth
(Pascual & Calderon, 2000). The pH range found in
the samples oscillated between 3.8 and 4.5, which
would prevent microbial growth, because most
bacteria are inhibited by low pH values. However,
molds, yeasts and some bacteria, such as lactic acid
and acetic acid, are acid uric organisms capable of
developing and deteriorating highly acidic foods,
because they tolerate and find their substrate in
acidic environments (Gomez 2004).

pH, moisture (%, DW), total solids (%, DW), antioxidant activity (ORAC, umol TE/mL), Total Polyphenol Content (TPC, mg GAE/L), Total
Monomeric Anthocyanins (TMA, mg C3GE/L) and colorimetric coordinates (L*, a*, b*)

L Samples
Characteristics B ] P I D
pH 38 +062° 4.5 +0.702 38 +026° 4.0 + 0.75°
Total solids (%, DW) 426 + 0.95° 413 +1.84° 422 + 2297 410 + 1.95°
ORAC (umol TE/mL) 714 + 1.56¢ 9.09 + 0.29* 7.07 + 1.56¢ 8.70 + 0.18°
TPC (mg GAE/L) 226.20 + 30.20¢ 27817 £ 10.7* 22812 + 26.12¢ 242 45 + 27.90°
TMA (mg C3GE/L) 70.53 + 4.85° 97.19 + 4.40" 70.62 + 4.25° 78.06 + 2.19°
L* 53.54 + 1.262 4445 + 101" 53.46 + 1.18? 4585 + 2.60°
a* 55.75 + 0.92° 55.29 + 0.58™ 55.32 + 0.82° 58.18 + 0.98°
b* 20.23 + 1.52° 21.02 + 0.78*0 20.28 + 1.22° 25.25 + 2.00°

‘Diaz-Garcfa et al. (2021). Different letters in each row present significant difference (p < 0.05).

Dim 2

0.0 0.5
Dim 1

Figure 4. External preference mapping of tea formulations.
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4. Conclusions

Using Flash Profile, the sensory lexicon describing
the tea samples developed from purple corn cob
was obtained, which were: purple, reddish color,
sweet, stevia flavor, bitter, astringent, acid, "chicha
morada" flavor, quince flavor, fruity taste, smell of
cinnamon, and fruity smell. It was also determined
that Flash Profile remains an important methodol-
ogy not only for the sensory characterization of
various products, but also as a strategy for the
generation of sensory characteristics that can be
successfully included in the evaluation report of the
CATA questions, which not only allows obtaining
the descriptive profile of the analyzed samples, but
also provides notions about the characteristics with
the greatest impact on consumer acceptability and
those that consumers expect to find in their ideal
product. It was observed that samples B and |
presented a higher percentage of consumers who
had a high degree of acceptability through the
application of external preference mapping. These
samples were not necessarily those that presented
the highest values of total polyphenol content,
antioxidant  activity and  total monomeric
anthocyanins (sample J); which would show that the
use of the two sensory methodologies under study
allows elucidating the sensory characteristics that
influence consumer acceptability, ~constituting
potential tools in the development of new
functional products.

Author contribution

J. Mora-Velit: Methodology, Formal analysis, Investigation, Writing
- original draft, Visualization. G. Puma-lsuiza: Data curation,
Investigation, Writing - original draft, Resources. J. Lifian-
Pérez: Investigation, Writing — original draft, Resources. B. K. Salva-
Ruiz: Conceptualization, Methodology, Writing — review & editing,
Funding acquisition. M. 1. Silva-Jaimes: Conceptualization, Metho-
dology, Validation, Formal analysis, Resources, Writing — review &
editing, Supervision.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

The authors acknowledge INNOVATE-PERU for funding the
project “Development of purple corn tea with quince and stevia
leaves as a proposal for a fruit infusion with high antioxidant
capacity, naturally sweetened and with a high level of pleasure in
LECOLE PRODUITS S.A.C.": contract 027-INNOVATEPERU-PIECT-
2019.

ORCID

J. Mora-Velit
G. Puma-lsuiza

https://orcid.org/0009-0004-9345-098X
https://orcid.org/0000-0002-6603-6407
https://orcid.org/0000-0002-4049-3722
https://orcid.org/0000-0001-5383-0890
https://orcid.org/0000-0002-4648-4907

J. Lifan-Pérez
B. K. Salva-Ruiz
M. 1. Silva-Jaimes

Mora-Velit et al.

References

AOAC. (2019). Official methods of analysis of AOAC international.
21st ed. Maryland, USA.

Ares, G., Etchemendy, E, Antinez, L, Vidal, L, Giménez, A, &
Jaeger, S. R. (2014). Visual attention by consumers to check-
all-that-apply questions: Insights to support methodological
development. Food Quality and Preference, 32, 210-220.
https://doi.org/10.1016/j.foodqual.2013.10.006

Ares, G, & Jaeger, S. R. (2013). Check-all-that-apply questions:
Influence of attribute order on sensory product
characterization. Food Quality and Preference, 28(1), 141-153.

Bruzzone, F., Vidal, L., Antlnez, L., Giménez, A, Deliza, R., & Ares,
G. (2015). Comparison of intensity scales and CATA questions
in new product development: Sensory characterisation and
directions for product reformulation of milk desserts. Food
Quality and Preference, 44, 183-193.
https://doi.org/10.1016/j.foodqual.2015.04.017

Cao, Q. Q, Wang, F., Wang, J. Q, Chen, J. X, Yin, J. F, Li, L, et al.
(2021). Effects of brewing water on the sensory attributes and
physicochemical properties of tea infusions. Food Chemistry,
364, 130235. https://doi.org/10.1016/j.foodchem.2021.130235

Castafieda-Saucedo, M. C., Ramirez-Anaya, J. D. P, Tapia-
Campos, E., & Diaz-Ochoa, E. G. (2019). Comparison of total
phenol content and antioxidant activity of herbal infusions
with added Stevia reabaudiana Bertoni. Food Science and
Technology, 40, 117-123. https://doi.org/10.1590/fst.29718

Chavez-Marquez, E., Bernedo, M. S. B, de Jara, E. M,
Quequezana-Bedregal, M. J., Gutierrez-Oppe, E. E., & de
Alcantara Pessoa Filho, P. (2023). Development of intelligent
and active potato starch films based on purple corn cob
extract and molle essential oil. International Journal of
Biological Macromolecules, 242, 125080.
https://doi.org/10.1016/j.jbiomac.2023.125080

Dairou, V., & Sieffermann, J. M. (2002). A comparison of 14 jams
characterized by conventional profile and a quick original
method, the Flash Profile. Journal of Food Science, 67(2), 826~
834 p. https://doi.org/10.1111/j.1365-2621.2002.tb 10685 x

De Mendiburu, F., & De Mendiburu, M. F. (2019). Package
‘agricolae’. R Package, version, 1(3), 1143-1149.

Delarue, J., & Sieffermann, J. M. (2004). Sensory mapping using
Flash profile. Comparison with a conventional descriptive
method for the evaluation of the flavour of fruit dairy
products. Food quality and preference, 15(4), 383-392.
https://doi.org/10.1016/50950-3293(03)00085-5

Deng, S., Cao, Q. Q. Zhu, Y., Wang, F.,, Chen, J. X, Zhang, H., et
al. (2023). Effects of natural spring water on the sensory
attributes and physicochemical properties of tea infusions.
Food Chemistry, 419, 136079.
https://doi.org/10.1016/j.foodchem.2023.136079

Dooley, L., Lee, Y. S., & Meullenet, J. F. (2010). The application of
check-all-that-apply (CATA) consumer profiling to preference
mapping of vanilla ice cream and its comparison to classical
external preference mapping. Food quality and preference,
21(4), 394-401. https://doi.org/10.1016/j.foodqual.2009.10.002

Dfaz-Garcfa, A, Salva-Ruiz, B. Bautista-Cruz, N., & Condezo-
Hoyos, L. (2027). Optimization of a natural low-calorie
antioxidant tea prepared from purple corn (Zea mays L.) cobs
and stevia (Stevia rebaudiana Bert). LWT, 750, 111952.
https://doi.org/10.1016/j.Iwt.2021.111952

Esmerino, E. A, Tavares Filho, E. R., Carr, B. T, Ferraz, J. P., Silva,
H. L, Pinto, L. P, et al. (2017). Consumer-based product
characterization using Pivot Profile, Projective Mapping and
Check-all-that-apply (CATA): A comparative case with Greek
yogurt samples. Food Research International, 99, 375-384.
https://doi.org/10.1016/j.foodres.2017.06.001

Euromonitor International (2024). Tea in Perd. Prospects and
opportunities. https://www.euromonitor.com/tea-in-peru

Galarreta-Morales, C., Ludena-Urquizo, F. Castillo-Arispe, M.,
Carrasco-Macedo, J.,, Ocampo-Ocampo, K, et al. (2025).
Sensory development of whey-based yogurt with Cushuro

-588-


https://orcid.org/0009-0004-9345-098X
https://orcid.org/0000-0002-6603-6407
https://orcid.org/0000-0002-4049-3722
https://orcid.org/0000-0001-5383-0890
https://orcid.org/0000-0002-4648-4907
https://orcid.org/0009-0004-9345-098X
https://orcid.org/0000-0002-6603-6407
https://orcid.org/0000-0002-4049-3722
https://orcid.org/0000-0001-5383-0890
https://orcid.org/0000-0002-4648-4907

Scientia Agropecuaria 16(4): 577-590 (2025)

(Nostoc sphaericum), through novel consumer-based sensory
evaluation methods. International Dairy Journal, 106254.
Giusti, M. M., & Wrolstad, R. E. (1996). Characterization of Red
Radish  Anthocyanins. J Food Sci, 61(2), 322-326.

https://doi.org/10.1111/}.1365-2621.1996.tb 14186.x

Gémez, P, O. (2004). Dependencia en la temperatura de los
cambios en atributos sensoriales, degradacion de acido
ascorbico e inactivacion enzimatica durante el tratamiento de
pasteurizacion en puré y néctar de tamarindo. Departamento
de Ingenierfa Quimica y Alimentos, Escuela de Ingenieria,
Universidad de las Américas Puebla. 85 p.

Guggisberg, D., Piccinali, P., & Schreier, K. (2011). Effects of sugar
substitution with Stevia, Actilight™ and Stevia combinations
or Palatinose™ on rheological and sensory characteristics of
low-fat and whole milk set yoghurt. International Dairy
Journal, 21(9), 636-644.

Guillen-Sanchez, J., Mori-Arismendi, S., & Paucar-Menacho, L. M.
(2010). Characteristics and functional properties of purple
corn (Zea mays L.) var. subnigroviolaceous. Scientia
Agropecuaria 5 211-217.
https://doi.org/10.17268/sci.agropecu.2014.04.05

Grifign, I, Galindo, A. Rodriguez, P., Morales, D., Corell, M,
Centeno, A, et al. (2019). Volatile composition and sensory
and quality attributes of quince (Cydonia oblonga Mill.) fruits
as affected by water stress. Scientia Horticulturae, 244, 68-74.
https://doi.org/10.1016/j.scienta.2018.09.013

Han, Z., Wen, M., Zhang, H., Zhang, L., Wan, X., & Ho, C. T. (2022).
LC-MS based metabolomics and sensory evaluation reveal
the critical compounds of different grades of Huangshan
Maofeng green tea. Food Chemistry, 374, 131796.
https://doi.org/10.1016/j.foodchem.2021.131796

Heo, J., Lee, S. J, Oh, J, Kim, M. R, & Kwak, H. S. (2023).
Comparison of descriptive analysis and flash profile by naive
consumers and experts on commercial milk and yogurt
products. Food Quality and Preference, 110, 104946.
Https://doi.org/10.1016/j.foodqual.2023.104946

ICMSF. (2000). Food Microorganisms. Its meaning and
enumeration methods. Enterobacterial count 2nd ed. 149-150
p. 2nd Ed 1983. Reprint 2000

INIA. (2019). Maiz morado INIA-601 posee mayores propiedades
de antioxidantes. https://www.inia.gob.pe/2019-nota-159/

Jaeger, S. R, Lee, S. M., Kim, K. O., Chheang, S. L., Roigard, C. M.,
& Ares, G. (2018). CATA and RATA questions for product-
focused emotion research: Five case studies using emaoji
questionnaires. Food Quality and Preference, 68, 342-348.
https://doi.org/10.1016/j.foodqual.2018.04.001

Jing, P.U., Noriega, V., Schwartz, S.J., & Giusti, M. M. (2007). Effects
of growing conditions on purple corncob (Zea mays L.)
anthocyanins. J. of Agricultural and Food Chemistry, 55(21),
8625-8629. https://doi.org/ 10.1021/jf070755q

Kemp, S. E, Hort, J., & Hollowood, T. (Eds.). (2018). Descriptive
analysis in sensory evaluation.

Lao, F., & Giusti, M. M. (2018). Extraction of purple corn (Zea mays
L.) cob pigments and phenolic compounds using food-
friendly solvents. Journal of Cereal Science, 80, 87-93.
https://doi.org/10.1016/}.jcs.2018.01.001

Lao, F., Sigurdson, G. T., & Giusti, M. M. (2017). Health benefits of
purple corn  (Zea mays L) phenolic compounds.
Comprehensive Reviews in Food Science and Food Safety
16(2), 234-246. https://doi.org/10.1111/1541-4337.12249

L& S. & Husson, F. (2008). SensoMineR: A package for sensory
data analysis. Journal of Sensory Studies, 23(1), 14-25.

Lé, S. Josse, J., & Husson, F. (2008). FactoMineR: An R package for
multivariate analysis. Journal of statistical software, 25, 1-18.

Lee, S., Kwak, H. S, Kim, S. S, & Lee, Y. (2021). Combination of the
Check-All-That-Apply (CATA) Method and Just-About-Right
(JAR) Scale to Evaluate Korean Traditional Rice Wine (Yakju).
Foods, 10(8), 1895. Https://doi.org/10.3390/foods10081895

Li, H. H, Luo, L. Y., Wang, J., Fu, D. H.,, & Zeng, L. (2019). Lexicon
development and quantitative descriptive analysis of Hunan

Mora-Velit et al.

fuzhuan brick tea infusion. Food Research International, 120,
275-284. https://doi.org/10.1016/j.foodres.2019.02.047

Lifan-Pérez, J, Puma-lsuiza, G, & Valdez-Arana, J. (2023).
Validation of the incorporation of emotional response in
consumer-based sensory development: case study in
Peruvian craft beers. Scientia Agropecuaria, 14(3), 375-384.
https://doi.org/10.17268/sci.agropecu.2023.033

Lifian, J. (2019). Application of the KANO and CATA methods for
the development of gluten-free brownies. La Molina National
Agrarian University. 135 p.

Marketo, C., & Moskowitz, H. (2004). Sensory optimization and
reverse engineering using JAR scales. Indata analysis
workshop summary: getting the most out of just-about-right
data, Food Quality and Preference (Vol. 15, pp. 891-899).

Mohammadalinejhad, S., Aimonaityté, A., Jensen, I. J., Kurek, M.,
&d Lerfall, J. (2023). Alginate microbeads incorporated with
anthocyanins  from purple corn (Zea mays L.) using
electrostatic extrusion: Microencapsulation optimization,
characterization, and stability studies. International Journal of
Biological Macromolecules, 246, 125684.
https://doi.org/10.1016/j.ijbiomac.2023.125684

NMX. (1992). Food-Determination of total solids, dissolved solids
and solids in suspension in water. Mexican standards. General
Directorate of Standards. Secretariat of Commerce and
Industrial Development (SCFl)- General Directorate of
Standards. Mexican Standard NMX-F-527-1992. Mexico.

Oliveira, L. D. L. D., Carvalho, M. V. D., & Melo, L. (2014). Health
promoting and sensory properties of phenolic compounds in
food. Revista Ceres, 61, 764-779.
https://doi.org/10.1590/0034-737x201461000002

Pageés, J. (2005). Collection and analysis of perceived product inter-
distances using multiple factor analysis: Application to the
study of 10 white wines from the Loire Valley. Food quality and
preference, 16(7), 642-649.

Pascual, A. M., & Calderdn, P. V. (2000). Microbiologia alimentaria.
Metodologfa analitica para alimentos y bebidas. 2° edicion.
Madrid,Espafia. Editorial Diaz de Santos S.A.

Pedreschi, R, & Cisneros-Zevallos, L. (2007). Phenolic profiles of
Andean purple corn (Zea mays L.). Food Chemistry, 100(3),
956-963. https://doi.org/10.1016/j.foodchem.2005.11.004

Puma-lsuiza, G. G., & Nufez-Saavedra, C. (2020). Comparacion
del Perfil Flash y Napping®-UPF en la caracterizacion
sensorial de hot-dog. Revista de Investigaciones Altoandinas,
22(2), 135-145. https://doi.org/10.18271/ria.2020.601

Ramos-Escudero, F., Mufioz, A. M., Alvarado-Ortiz, C., Alvarado,
A, & Yéfiez, J. A. (2012). Purple corn (Zea mays L.) phenolic
compounds profile and its assessment as an agent against
oxidative stress in isolated mouse organs. Journal of medicinal
Food, 15(2), 206-215. https://doi.org/10.1089/jmf.2010.0342

Ramos-Guerrero, F. G., Lopez-Flores, B. C., Ramos-Gorbefia, J.
C., & Silva-Jaimes, M. . (2021). Factors that affect the
microbiological  stability of chicha morada during its
production on an industrial scale: A Review. Journal of Food
Protection, 84(12), 2151-2158. https://doi.org/10.4315/JFP-21-
190

Rojas, M. L., Ramirez, K, & Linares, G. (2025). Biocompounds
recovery from purple corn cob by-product: extraction
kinetics, thermal and physicochemical stability of liquid and
powdered anthocyanin-rich extract. Food and Bioproducts
Processing, 149, 25-35.

Rolandelli, G., Favre, L. C., Aguirre-Calvo, T. R, Farroni, A. E., del
Pilar Buera, M., & dos Santos Ferreira, C. (2023). An optimized
purple corn cob extract as an ingredient for the development
of maize-based extrudates with novel characteristics. Journal
of Cereal Science, 174, 103809.
https://doi.org/10.1016/j.,jcs.2023.103809

R Core Team (2024). R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna,
Austria. https://www.R-project.org/.

-589-


https://www.r-project.org/

Scientia Agropecuaria 16(4): 577-590 (2025)

Saharudin, A. M. |. B., Nazri, N. B. M., Roslee, H. B., Hawi, M. H. B.,
& Mar, S. O. (2020). Acceptance of stevia as a sugar substitute
and its determinants among health educated individuals and
its determinants. Curr Res Nutr Food Sci, 8(1), 226-237.
https://dx.doi.org/10.12944/CRNFS).8.1.21

Saldafia, E., Rios-Mera, J., Arteaga, H., Saldafia, J., Samén, C. M.,
Selani, M. M., et al. (2018). How does starch affect the sensory
characteristics of mazamorra morada? A study with a dessert
widely consumed by Peruvians. International journal of
gastronomy and food science, 12, 22-30.
https://doi.org/10.1016/j.ijgfs.2018.01.002

Salvador-Reyes, R., Sampaio, U. M., de Menezes Alves Moro, T.,
Brito, A. D. C. D, Behrens, J., Campelo, P. H., et al. (2022).
Andean purple maize to produce extruded breakfast cereals:
Impact on techno-functional properties and sensory
acceptance. Journal of the Science of Food and Agriculture,
103(2), 548-559. https://doi.org/10.1002/jsfa.12165

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics
with  phosphomolybdic-phosphotungstic acid  reagents.
American journal of Enology and Viticulture, 16(3), 144-158.
Https://doi.org/10.5344/ajev.1965.16.3.144

Seebauer, J. R, Moose, S. P., Fabbri, B. J,, Crossland, L. D., & Below,
F. E. (2004). Amino acid metabolism in maize earshoots.
Implications for assimilate preconditioning and nitrogen
signaling. Plant physiology, 136(4), 4326-4334.

Su, D., Xu, T., Li, Y., & Zhou, H. (2022). Flavor evolution in raw Pu-
erh tea during manufacturing using different processing
types. LWT, 754, 112905.
https://doi.org/10.1016/j.lwt.2021.112905

Varela, P, & Ares, G. 2014. Novel techniques in sensory
characterization and consumer profiling. Uruguay, Taylor &
Francis Group, LLC. 408 p.

Vidal, L., Ares, G., Hedderley, D. I, Meyners, M., & Jaeger, S. R.
(2018). Comparison of rate-all-that-apply (RATA) and check-
all-that-apply (CATA) questions across seven consumer
studies. Food Quality and Preference, 67, 49-58.
https://doi.org/10.1016/j.foodqual.2016.12.013

Wang, S, Ng, K. H., Yee, K. H,, Tang, Y., Meng, R., & He, W. (2023).
Comparison of pivot profile, CATA, and pivot-CATA for the
sensory profiling of instant black coffee. Food Quality and
Preference, 108, 104858.
https://doi.org/10.1016/j.foodqual.2023.104858

Wang, Z., Hwang, S. H., Quispe, Y. N. G., Arce, P. H. G,, & Lim, S.
S. (2017). Investigation of the antioxidant and aldose

Mora-Velit et al.

reductase inhibitory activities of extracts from Peruvian tea
plant infusions. Food chemistry, 231, 222-230.

Wang, J., Shi, J,, Zhu, Y., Ma, W,, Yan, H., Shao, C,, et al. (2022).
Insights into crucial odourants dominating the characteristic
flavour of citrus-white teas prepared from citrus reticulata
Blanco 'Chachiensis’ and Camellia sinensis ‘Fudingdabai'.
Food Chemistry, 377, 132048.
https://doi.org/10.1016/j.foodchem.2022.132048

Xu, H., Liu, M., Liu, H, Zhao, B, Zheng, M., & Liu, J. (2021).
Anthocyanins from purple corn ameliorated obesity in high
fat diet-induced obese mice through activating hepatic
AMPK.  Journal of Functional Foods, 84, 104582.
https://doi.org/10.1016/j.jff.2021.104582

Yang, Z., & Zhai, W. (2010). Identification and antioxidant activity
of anthocyanins extracted from the seed and cob of purple
corn (Zea mays L.). Innovative food science & emerging
technologies, 77(1), 169-176.
https://doi.org/10.1016/j.ifset.2009.08.012

Yang, Z., Baldermann, S., & Watanabe, N. (2013). Recent studies of
the volatile compounds in tea. Food Research International,
53(2), 585-599. https://doi.org/10.1016/j.foodres.2013.02.011

Zapata, P. )., Martinez-Espla, A., Gironés-Vilaplana, A., Santos-Lax,
D., Noguera-Artiaga, L., & Carbonell-Barrachina, A.A.(2019).
Phenolic, volatile, and sensory profiles of beer enriched by
macerating  quince  fruits.  LWT, 703,  139-146.
https://doi.org/10.1016/j.lwt.2019.01.002

Zeng, L., Fu, Y. Q, Liy, Y. Y, Huang, J. S, Chen, J. X, Yin, J. F. et al.
(2023). Comparative analysis of different grades of
Tieguanyin oolong tea based on metabolomics and sensory
evaluation. LWT, 174, 114423.
https://doi.org/10.1016/j.Iwt.2023.114423

Zhang, L., Cao, Q. Q. Granato, D., Xu, Y. Q., & Ho, C. T. (2020).
Association between chemistry and taste of tea: A review.
Trends in Food Science & Technology, 101, 139-149.
https://doi.org/10.1016/j.tifs.2020.05.015

Zheng, Y. Li, Y, Pan, L, Guan, M., Yuan, X, Li, S, et al. (2024).
Aroma and taste analysis of pickled tea from spontaneous
and yeast-enhanced fermentation by mass spectrometry and
sensory evaluation. Food  Chemistry, 442, 138472.
https://doi.org/10.1016/j.foodchem.2024.138472

Zhu, H., Ye, Y., He, H., & Dong, C. (2017). Evaluation of green tea
sensory quality via process characteristics and image
information. Food and Bioproducts Processing, 102, 116-122.
https://doi.org/10.1016/j.fbp.2016.12.004

-590-



