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SUMMARY

In order to reduce the production gap, optimize growing times and yields, and
find new markets, a plant breeding program for garlic has been implemented
in Mexico; however, the agroclimatic conditions of Mexico give this product
distinctive characteristics compared to garlic from other origins; hence, it is
important to know their sensory acceptability. To perform a sensory analysis it
is necessary to consider the best vehicle and palate cleanser for each product
analyzed, as well as to define the lexicons and sensory wheels according to
the specific product. The aim of this study was to develop a reliable method
for sensory evaluation of fresh Mexican garlic through a comprehensive
methodological approach, which includes the determination of the most
suitable vehicle and the palate cleanser for the sensory evaluation of fresh
garlic in Mexico; likewise, it is intended to develop an appropriate lexicon to
establish a sensory wheel adapted to this product. With the help of a group of
expert panelists, different vehicles and palate cleansers for sensory analysis
in garlic were evaluated. The sensory descriptors were examined by the
evaluators and analyzed using non-parametric methods appropriate to these
type of study. Results indicate that mashed potatoes with water were the
best-rated vehicle, making it a reliable tool for future studies, as it minimizes
potential interference during product assessment. On the other hand, green
apples and lemon water were the best-rated palate cleansers. A sensory wheel
was defined for fresh Mexican garlic, which will provide knowledge applicable
to the design of sensory protocols for garlic produced in Mexico.

Index words: Allium sativum L., palate cleanser, sensory descriptors,

vehicle.

RESUMEN

Con el fin de reducir la brecha de produccion, optimizar los tiempos
de cultivo y los rendimientos, y de encontrar nuevos mercados, se ha
implementado un programa de mejoramiento genético de ajo en México; sin
embargo, las condiciones agroclimaticas de México imparten a este producto
caracteristicas distintivas en comparacion con los ajos de otros origenes;
por lo tanto, es importante conocer su aceptacion sensorial. Para realizar
un andlisis sensorial es necesario considerar el mejor vehiculo y limpiador
de paladar para cada producto analizado, asi como definir los léxicos y
ruedas sensoriales de acuerdo con el producto especifico. El objetivo de este
estudio fue desarrollar un método fiable para la evaluacion sensorial del ajo
fresco mexicano a través de un enfoque metodoldgico integral, que incluye
la determinacion del vehiculo mas adecuado y el limpiador de paladar para
la evaluacion sensorial de este producto fresco en México; asimismo, se
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pretende desarrollar un Iéxico apropiado para establecer una rueda sensorial
adaptada a este producto. Con la ayuda de un grupo de panelistas expertos,
se evaluaron diferentes vehiculos y limpiadores de paladar para el andlisis
sensorial del ajo. Los descriptores sensoriales fueron examinados por los
evaluadores y analizados mediante métodos no paramétricos apropiados
para este tipo de estudios. Los resultados indicaron que el puré de papa con
agua fue el vehiculo mejor calificado, lo que lo convierte en una herramienta
confiable para estudios futuros, ya que minimiza la posible interferencia
durante la evaluacion del producto. Por otro lado, las manzanas verdes y el
agua con limén fueron los limpiadores de paladar mejor valorados. Se definié
una rueda sensorial para el ajo fresco mexicano, lo que permitira contar
con conocimientos aplicables al disefio de protocolos sensoriales del ajo
producido en México.

Palabras clave: Allium sativum L. descriptores sensoriales,
limpiador de paladar, vehiculo.

INTRODUCTION

Garlic (Allium sativum L.) is a versatile food ingredient
and condiment, recognized for its distinctive and appetizing
taste in various cuisines around the world. This vegetable
contains more than 200 chemical compounds with
multiple properties, including fat-soluble vitamins (A, K and
E), water-soluble vitamins (C, B1, B2, B3, B6 and B8), and
minerals (Ca, Fe, Mg, P K, Na and Zn) (Melguizo-Rodriguez
et al,, 2022). These particularities have shown that garlic
extracts exhibit beneficial effects on health, including
hypolipidemic, antiplatelet, anti-inflammatory, anticancer
and immunomodulatory properties (Melguizo-Rodriguez
etal, 2022; Verma et al., 2023).

Global garlic production is led by China (73.8 %), India
(10.4 %), Bangladesh (1.7 %), South Korea (1.3 %) and
Egypt (1.2 %) (FAQ, 2025). In the Americas, garlic is mainly
produced in the United States of America, Brazil, Argentina,
Peru, Mexico, Guatemala and Chile, with the United States
of America being the country with the highest yield for this
crop,at17.6tha"' (FAQ, 2025). The largest garlic-producing
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states in Mexico are Zacatecas (55.5 %), Guanajuato (11.3
%), Nuevo Leodn (7.9 %), Puebla (5.6 %) and Sonora (5.3 %)
(SIAP, 2025).

From a socio-economic point of view, this crop is
important as it employs a large amount of labor throughout
the entire production process, especially during the Autumn-
Winter season, which is when sources of employment
in rural agricultural areas decline (Heredia and Heredia,
2000). In this sense, in order to try to reduce the production
gap, optimize cultivation times and yields and find new
markets, the National Institute of Forestry, Agricultural and
Livestock Research (INIFAP for its acronym in Spanish)
has implemented a garlic breeding program, of which
varieties have been developed for different environments in
the country, including INIFAP 94, Tacatzcuaro, Tinguindin
and Chino Blanco for El Bajio area (Macias et al., 2021), San
Marquefio and Orién for Aguascalientes and Zacatecas,
and CEZAC-06, with excellent adaptation in the states
of Aguascalientes, Durango, Chihuahua, Coahuila and
Zacatecas (Reveles-Hernandez et al., 2009).

The intensity of garlic taste and aroma is directly related
to its sulfur compounds, such as allicin. Variations in the
climate and soil conditions of Mexico, especially in regions
such as Zacatecas and Aguascalientes, influence the
development of these compounds, resulting in a more
complex and distinctive flavor profile compared to garlic
grown elsewhere. As a result, Mexican garlic is valued in
cooking for its flavor and aroma intensity (Dhall et al., 2023);
therefore, it is important to know its sensory acceptability.
The design of new varieties or the implementation of
postharvest management techniques according to
consumer taste represents the foundations of the entire
food industry, since the acceptability of a product is equal
to consumer satisfaction (Coste et al., 2010; Tadesse,
2024); nonetheless, to perform a sensory analysis it is
necessary to consider the best vehicle and palate cleanser
for each product analyzed. Conceptually, sensory vehicles
are neutral or semi-neutral edible matrices that allow the
uniform application of an ingredient of interest (in this case,
garlic) and contribute to standardizing texture, release of
volatile compound and sensory perception (Chen et al,
2020; Johnson and Vickers, 2004; Torricella et al., 2020).

On the other hand, palate cleansers are foods or
beverages that must be consumed between samples to
neutralize the palate and eliminate residual flavors, odors or
textures, which allows for a restart of the assessment from
a sensory baseline that is as neutral as possible (Severiano,
2025). The main palate cleanser that evaluators have
is saliva; nevertheless, another input is regularly used to
remove residual flavors between samples, which ensures
that the evaluation of each sample is independent of the
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previous one (Bless et al., 2024).

Similarly, there must be a sensory lexicon to homogenize
criteria for describing the properties of a food (Lawless
and Civille, 2013). For this purpose, there are tools such
as the sensory wheel, which graphically represents
descriptive vocabulary, where specific terms of sensory
attributes are collected, categorized and organized, visually
showing the characteristics of the food (Xia et al., 2025).
The importance of lexicons and sensory wheels lies in
their function as normalizing and visualizing tools for
sensory description, facilitating communication between
researchers, producers and consumers about food sensory
characteristics (Wang and Liu, 2025). In the food industry,
these tools support product quality control, new product
development and marketing, thereby improving product
competitiveness (ISQ, 2012).

To address this topic, the present study aims to develop
a reliable method for the sensory evaluation of fresh
Mexican garlic through a comprehensive approach,
which includes the determination of the most appropriate
vehicle (carrier matrix) and palate cleanser for the sensory
evaluation of fresh garlic in Mexico. Also, it is intended to
develop a lexicon suitable for establishing a sensory wheel
adapted to this product. This will improve the accuracy and
reproducibility of the tasting tests.

MATERIALS AND METHODS
Selection and training of evaluators

The study was conducted at the Sensory Analysis
Laboratory of the Zacatecas Experiment Station of INIFAP.
The facilities have 12 tasting booths according to the
ISO-22000 protocol (Paries et al, 2022). In this way, an
atmosphere was offered that allows for a functional and
objective analysis of the study; in other words, a quiet
space, free from odors, noise, with a pleasant temperature
(20-24 °C), relative humidity of 45-75 %, and individual
booths for judges that minimize eye contact and facilitate
concentration. It also features uniform lighting that does
not alter the visual perception of the product.

The panel formation was carried out in three stages: 1)
pre-selection, at this stage, 40 people were selected for
their skills in detecting some sensory properties; in several
sessions, they were trained and taught the discipline of
sensory analysis, periodically evaluating various products
with the aim of knowing how to identify organoleptic and
sensory characteristics. For this purpose, the methodology
set out in Regulation (EU) No 1169/2011 of the European
Parliament was applied; 2) selection of panelists; of the
total, only 24 people were recruited for their olfactory-
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gustatory sensitivities and ability to objectively identify
subtle differences between foods; and 3) finally, the
panelists completed a total of 120 hours of training over
three months, focusing on sensory evaluation techniques,
flavor recognition, aromas, and rating methods.

To maintain objectivity, each evaluator was asked to
refrain from eating spicy foods or caffeine at least 2 h
prior to each evaluation and avoid using fragrances, strong
odors or residue before each assessment.

Experimental design, vehicles and palate cleansers

Vehicles and palate cleansers studied by Coste et al.
(2010) were tested for dry and freeze-dried garlic. Four
vehicles or carrier matrices were evaluated for sensory
analysis of Mexican garlic: 1) mashed potatoes with water,
2) mashed potatoes with milk, 3) cream cheese, and 4)
roasted, unsalted bread with tomato. The palate cleansers
were: 1) green apples, 2) parsley, 3) water with lemon, 4)
bread (unsalted, toast), and 5) mineral water (Torricella et
al., 2020). Vehicles and palate cleansers were presented
with three-digit numbers and offered monadically and in a
balanced order. Garlic was placed in proportional amounts
in each of the vehicles and palate cleaner (2 g), and each
test was performed in duplicate. The different vehicles and
palate cleansers were rated using a 5-point Just-About-
Right (JAR) scale: 1= very unpleasant, 2 = unpleasant, 3 =
just the way | like, 4 = more than | like, and 5 = much more
than I like. This scale is widely used in sensory evaluation
studies to capture the acceptability and perceptual
adequacy of different products and attributes (Astudillo
and Chevez-Ponce, 2021; Widianti et al., 2024). In essence,
it is based on an ordinal rating that reflects positive or
negative assessments (Di Monaco et al., 2004).

Questionnaire on the acceptance of sensory
descriptors by evaluators

Different garlic varieties were used (‘Barretero’ from
Zacatecas and ‘San Marquefio' from Aguascalientes).
These varieties have yields above the national average.
In both varieties, garlic with low commercial value (size
6) and high commercial value (size 9) was used. Each
panelist was provided with a bulb and a clove of garlic,
depending on the attribute to be evaluated. This was
carried out independently, in an individual sensory booth
and under blind conditions. The samples were presented
monadically, following a design in complete and balanced
blocks to prevent bias from the order of presentation (Su
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et al, 2021). These samples were identified with three-
digit random numbers and presented to the judges with
an assessment form containing a series of attributes to
be evaluated. The check-all-that-apply method was used
to verify the recognition coverage of consumer perception
of garlic sensory attributes (aroma, texture, pungency,
spiciness, bitterness, aftertaste, color, taste). Based on the
data obtained, the percentage of recognition of an attribute
was calculated according to the evaluator perception and
transformed into a five-point scale, called the attribute
acceptance index. For an attribute with a recognition
percentage of 45 % or higher, five points were assigned;
from 44.4 to 35 % four points; between 34.4 and 25 % three
points; from 24.4 to 15 % two points; and between 14 %
and 1T %, only one point (Marques et al., 2022). In general,
the study was validated and approved by a social science
ethics committee. It was conducted in accordance with
the principles set out in the Declaration of Helsinki, with
special care to protect personal information as required by
Mexican standards. The panelists signed a consent form
that was read aloud.

Data analysis

Given the nature of the data, a series of non-parametric
methods suitable for sensory studies with small samples
wereused (Garciaetal., 2024;Mertleretal.,2021). Theoverall
means for each group (vehicles and palate cleansers) were
calculated in order to obtain an initial description of the
central tendency of the ratings. The statistical procedure
facilitated the identification of relevant patterns (Bautista-
Diaz et al., 2020). To identify differences, the Kruskal-Wallis
test was applied, which is used to compare independent
groups for ordinal scale data or data that do not meet the
normality assumption (Johnson, 2022). The analysis was
performedindependently for vehicles (carrier matrices used
to present garlic) and palate cleansers (substances used
to cleanse the palate between samples). For each factor, a
grouping variable was constructed based on the average of
the ratings given by each panelist to the different vehicles
and palate cleansers. The variable served as the basis for
applying the Kruskal-Wallis test when differences were
found (P = 0.05) (Horie et al., 2024; Johnson, 2022). Finally,
to identify significant associations between classification
variables (vehicles and palate cleansers) a Spearman
correlation analysis was performed. The data obtained
from the panelists were organized and processed in a
database structured in Microsoft Excel version 16.94 and
the statistical analyses were performed in the Statistical
Package for the Social Sciences (SPSS) version 29.
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RESULTS AND DISCUSSION
Evaluation of sensory vehicles and palate cleansers

The evaluation of the vehicles used for the tasting of
fresh Mexican garlic showed clear differences in their
ability to facilitate an adequate assessment of the
sensory attributes of the product (Figure 1). Among the
vehicles evaluated, mashed potatoes with water obtained
the highest mean (4.67 + 0.48) and was the only vehicle
that showed statistical differences (P = 0.05), establishing
itelf as the only vehicle evaluated differently (in this case,
favorably) from the rest, suggesting high acceptability
and consistency among panelists. This suggested that
mashed potatoes can generate good interactions between
flavor compounds and ingredients from different food
domains (Rababah et al,, 2025). Thus, this matrix was
perceived as a neutral medium, without dominant flavors,
with a uniform texture and adequate capacity to release
the compounds of garlic without interference; hence, the
importance of volatile organosulfide compounds in garlic,
such as allicin, is related to proper storage conditions to
preserve the organoleptic quality of garlic bulbs (Shen et
al., 2025). On the other hand, bread with tomato obtained
the lowest mean (2.08), accompanied by the greatest
dispersion in responses (+ 1.18). The combination reflects
lower acceptability because tomato induces acidic and
sweet flavors that distort the organoleptic profile of garlic.
In this way, the sweet flavor of tomato overshadows the
distinctive sulfurous smell of garlic bulbs (Cherdchu and
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Chambers, 2014).

In this regard, Coste et al. (2010) found similar results
and concluded that mashed potatoes with water is the
most appropriate vehicle for evaluating both dried and
freeze-dried garlic, and in this case, they are also suitable
for sensory evaluation of fresh garlic. They also pointed out
that vehicles with high acidity interfere in the determination
of sensory descriptors of garlic. This is of utmost
importance since the choice of an inappropriate vehicle
can increase the complexity of perceived characteristics or
completely change sensory attributes (Dziki et al., 2022).

The results of the Kruskal-Wallis analysis applied to
the palate cleansers. Parsley, bread and mineral water
showed significant differences; in this case, there was a
greater variability in the perception of the options. Parsley
leaves contain a high amount of essential oils; for example,
B-phellandrene,  a-terpinolene,  1,3,8-p-menthatriene,
myristicin and elemicin, which affect sensory acceptance
by panelists (Xu et al., 2022). On the other hand, aroma and
other properties of bread are affected by the ingredients,
enzymatic reactions during dough fermentation, and
thermal reactions during baking (Barker et al., 2021), which,
together with the organoleptic properties of garlic, did not
favor it as an efficient carrier for fresh garlic evaluation. In
contrast, mineral water, due to its carbonation, enhances
salinity or acidity, inhibiting other flavors. In addition,
it decreases the perception of sweet flavors, and this
influences its suppression (Vidal et al, 2016). Mineral
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Figure 1. Mean scores (x standard deviation) given to the different vehicles used in the sensory evaluation of Mexican

garlic.

120



SANCHEZ-TOLEDANO et al.

water had the lowest mean score (1.17 + 0.56), indicating
low acceptance and limited efficacy as a palate cleanser,
but with homogeneous ratings. This perception is related
to its low ability to remove intense compounds, since it
does not provide astringent or acidic elements that favor
the cleansing of the palate; on the contrary, it enhances
flavors. These findings are consistent with the report by
Pannitteri et al. (2020), who mentioned that some palate
cleanser are not able to restore the oral environment until
after 15 min.

Onthe other hand, green apples and lemon water showed
no significant differences; their ratings were homogeneous,
reflecting greater consistency and sensory stability.
Similarly, green apples (4.67 + 0.48) and lemon water
(4.54 + 0.72) obtained the highest means and statistical
differences (P = 0.05), accompanied by low standard
deviations (Figure 2), showing a favorable and consistent
rating from panelists. Both products were effective
as palate cleansers, facilitating the neutralization of

6 -
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persistent flavors between samples and allowing a clearer
assessment of garlic sensory attributes. The effectiveness
of apples and lemons can be attributed to their natural
acidity, water content and astringent properties, which
promote the elimination of residual volatile compounds;
however, care should also be taken with the accumulation
of astringency in the oral cavity, as this effect may have an
impact on sensory perception of food (Fischer et al., 1994),
even when there are stimuli derived from oral manipulation
or due to the stimulus of ingestion, which affect the
salivation rate (Pannitteri et al., 2020). This has significant
practical implications, and therefore, as with vehicles, an
appropriate choice must be made, since each palate
cleanser will behave differently in the presence of various
foods, thus, good selection improves the accuracy of the
sensory response, particularly in foods with strong flavors
(Kitsawad and Nguyen, 2014), such as fresh Mexican garlic.

The Spearman correlation coefficients between vehicles
and palate cleanser used in the sensory evaluation of

T
Green apple Parsley

T
Lemon water  Bread Mineral water

Palate cleanser

Figure 2. Mean (t standard deviation) scores given to the different palate cleansers used for the sensory evaluation of

Mexican garlic.

Table 1. Matrix of Spearman correlation between vehicles and palate cleansers used in the sensory evaluation of fresh

Mexican garlic.

Cream cheese Green apples Lemon water Bread
Mashed potatoes with milk -0.405+* 0.431+* -0.575% 0.125
Cream cheese 1.000 -0.295 0.307 -0.468"
Green apples 1.000 -0.542x 0.053

Asterisks indicate the significance *: P < 0.05, »*: P < 0.01.
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garlic show that mashed potatoes with water, identified
as the best rated vehicle, show no significant correlations
with any of the palate cleanser (Table 1). The absence of
correlations suggests that its performance as a vehicle is
independent of the palate cleanser used.

In contrast, mashed potatoes with milk, which scored
the second best among vehicles (Figure 1), had a
significant positive correlation with green apples as a
palate cleaner (0.431). This association could be related
to a sensory complementarity, in which the texture and
mild flavor of mashed potatoes with milk are positively
enhanced by the acidic and refreshing profile of green
apples, thus, facilitating better assessment of garlic
attributes. In this regard, although the concept of sensory
complementarity has not been formally described, in
practical terms, it is intended to describe the relationship
between the properties and compounds of vehicles and
palate cleansers used in sensory tests, and it can help
to better understand the complex nature of certain foods
(Surco and Alvarado, 2011).

On the other hand, a negative association was also
detected between mashed potatoes with milk and lemon
water as palate cleanser (-0.515); this interference is
probably due to unfavorable sensory contrasts, which are
incompatible, at least for the evaluation of foods with a
strong flavor profile, such as fresh garlic; in addition, a
significant negative correlation was observed between
the palate cleansers green apples and lemon water
(-0.542); this finding revealed that panelists tend to prefer
one or the other as a method of cleansing the palate,
which should be considered when designing sensory
protocols, since their joint use could generate opposite
effects on perception. This information is of utmost
importance since the favorable development of a sensory
test is closely related to the appropriate experimental and
methodological design, hence, the selection of vehicles
and palate cleanser is essential to ensure its success
(Chigwedere et al., 2022).

Based on the results obtained, it is suggested that the
sensory tasting protocols of fresh garlic incorporate as
vehicles mashed potatoes with water (high acceptability
and stability) and mashed potatoes with milk, as a second
option, due to their good performance in combination
with a certain palate cleanser; similarly, the palate
cleansers green apples and lemon water proved effective
in cleansing the palate, showing homogeneous ratings
and a high acceptance among the panelists; nonetheless,
the differential interaction shown in the test suggests that
their selection should be carefully considered according
to the experimental design; thus, these combinations
represent methodologically sound alternatives, which
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can improve the accuracy, neutrality and reproducibility
of sensory evaluations in products such as fresh garlic.

Lexicon and sensory wheel of fresh Mexican garlic

According to the results, the main descriptors for the
evaluation of fresh Mexican garlic are those included in
Figure 3. This graphical representation shows only the
significant attributes (eight descriptors), representing
the percentage of mentions that the descriptor obtained
compared to possible total mentions. The most important
attributes for the sensory evaluation of fresh garlic were
taste, color, aftertaste, bitterness, spiciness, pungency,
texture and aroma. This information is relevant since the
use of descriptive terms requires the establishment of a
standard lexicon to be applied in classical descriptive
methods, such as in the current rapid methods (da Silva
et al, 2012). Similarly, the identified attributes have the
potential to quantitatively inform the sensory attributes of
garlic, reducing the time and cost of sensory testing. This
information is critical for the development of new varieties
and, therefore, this sensory lexicon will have an added
value in the development of new products and quality
assurance (De Pelsmaeker et al.,, 2019). As noted by Su et
al. (2021), the sensory wheel sets standards and guidelines
for fresh garlic in order to promote the development of
breeding programs, consumer behavior, the development
of by-products and trade, as well as its usefulness as
educational material.

CONCLUSIONS

A relevant finding was the identification of mashed
potatoes with water as the best-rated vehicle, making
them a reliable tool for future studies, minimizing
potential interferences during of the product evaluation.
Similarly, mashed potatoes with milk, by showing positive
associations with palate-cleansing ingredients, outline
a favorable sensory interaction that could be used in
specific tasting designs. On the other hand, green apples
and lemon water were the best rated palate cleansers;
nevertheless, their mutual negative correlation indicated
that they should be selected exclusively, depending on the
sensory profile of the product and the objectives of the
analysis. These observations provide new methodological
guidelines for optimizing palate cleansing, an aspect that
is often underestimated in sensory protocols; likewise, the
findings provide new insights applicable to the design of
sensory protocols, especially for complex organoleptic
profiles, such as garlic produced in Mexico. With these
results, the foundations are laid to improve methodological
standardization in sensory evaluations, optimizing the
selection of vehicles and palate cleansers that favor a
more accurate and objective assessment.
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Very mild
Mild
Moderate '
Intense
] Taste
Pink
Purple
Violet
White
Red
Brown
Beige

It is the persistence of a
flavor sensation after
the food has passed
through the mouth
{usually the tongue) and
itis no longer in contact
with the taste buds

Aftertaste

It describes the basic taste
produced by dilute agueous

such as caffeine

Bitterness
solutions of several substances,
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Very mild
Mild
Moderate
Intense

-

Juicy
Crunchy
Fibrous

Intense and penetrating
sensation in the nasal
cavity similar to that
experienced with
vinegar

Pungency

A sensation that manifests
itself in the mouth due to
itching that can be painful
(fines needles). Itis
experienced throughout the
mouth, including the palate
and the tongue

Figure 3. Sensory wheel of Mexican garlic.
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