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Abstract

Essential oils (EOs) are natural compounds extracted from plants that exhibit antimicrobial and antioxidant properties. and
therefore attract interest as additives in the food industry. especially food for special populations. In the case of children
diagnosed with Cerebral Palsy. another factor has to be considered. such as the consistency of food. This study evaluated
consumer acceptability of infant food with oregano essential oil by children diagnosed with cerebral palsy and a questionnaire
was applied to assess consumption habits and profile of the studied population. Samples were evaluated according to odor.
flavor. color. and texture acceptability. Consumers were divided by days. with 35 children each day per sample (CONT without
essential oil and EO with different concentration of oregano essential oil). Total number of children was 103. In relation to
acceptability of color. odor and flavor of the CONT and EO-0.01% received higher grades. the infant food with 0.05% oregano
essential oil showed lower scores compared with the other treatments. However. in relation to acceptability. all samples received
satisfactory scores. In relation to texture. differences were not observed. The use of oregano essential oil could be an alternative
for the development of an infant food.

Keywords: cluster analysis; infant food acceptability; natural additives; principal components analysis; special population.

Practical Application: Oregano oils are natural compounds that exhibit antimicrobial and antioxidant properties. and therefore

can used as additives in the food industry. especially food for special populations.

1 Introduction

Nowadays. about 30% of humanity suffers from one or
more of the multiple forms of malnutrition (Rytter et al., 2014).
Malnutrition is a relevant factor for small children. particularly
after weaning (Bressani, 1981; Rytter et al., 2014). The tragic
consequences of malnutrition include death. disability. stunted
mental and physical growth. Around 60% of the 10.9 million
deaths each year among children aged under five years in the
developing world are associated with malnutrition (World Health
Organization, 2002). According to the ANVISA resolution - RDC
n° 269 ANVISA (Brasil, 2005). the recommended daily intake
(RDI) of protein for children and infants is about 34 g/day, which
is not usually achieved in special populations.

Selective eating (also known as picky or fussy eating) in children
can be defined as the consumption of “[...] an inadequate variety
offoods[...]” (Galloway et al., 2005, p. 541). Children with higher
levels of tactile and taste/smell sensitivity have been shown to eat
less fruits and vegetables and to be more reluctant to eat new foods
(Coulthard & Blissett. 2009). Children who are more sensory
sensitive have lower thresholds for detecting sensory information
and are better able to detect subtle changes in the sensory properties
of foods. Coulthard & Blissett (2009) propose that these children
are more likely to reject new foods. These factors worsen when

associated with specific childhood pathologies, such as Cerebral
Palsy (CP), which is a disorder of posture and movement resulting
from non-progressive encephalopathy in the pre, peri or postnatal
periods, with a single or multiple location in the immature brain
The infant food contains the meat bovine (Longissimus dorsi), flat
potato (Solanum tuberosum). Garlic (Allium sativum). hot water.
NaCl, butylated hydroxytoluene, urucum (Bixa orellana) and
oregano oil essential (Calis et al., 2008; Howle, 1999). According
to Mancini et al. (2004). the functional performance of children
with CP is influenced by the social environment (caregiver),
which can interfere with routine use and, consequently, improve
the abilities presented by these children.

For dysphagic patients whose dietary and energy
requirements (protein) with adapted texture are not achieved.
oral supplementation is necessary to overcome this nutritional
deficiency. For patients with dysphagia, it is important that the
texture of these products can be modified, in order for swallowing
to become safe (Fernandez et al., 2015).

Such motor disorders can lead to changes in movement
and posture; thus, interfering in the development of orofacial
organs and providing inadequate performance of speech, eating,
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swallowing, and leading to articular alterations, and respiratory
changes (Dias et al., 2015; Mancini et al., 2004).

Consumer preferences or needs should be considered when
a new product is proposed. since preferences may vary between
individuals. groups. cultures. segments, and interests (Guerrero et al.,
2018; Passetti et al., 2017; Vital et al., 2016, 2018a, b).

The practical investigation focused on the development of
a food with a predominantly pasty texture meets the extreme
need of children diagnosed with Cerebral Palsy and dysphagic
disorders. Inserting this supplement in a daily diet may significantly
increasing protein ingestion. particularly of bovine meat, which is
not possible in its natural form due to chronic and non-transient
dysphagic processes (Dias et al., 2015; Mancini et al., 2004).

Regarding to quality and food safety of meat products. there
is aneed to produce foods with less synthetic additives (harmful
to health), but which still have their characteristics preserved
and extensive shelf life (Taghvaei & Jafari, 2015).

The use of aromatic plants, with essential oils and flavoring.
besides the antibacterial and antioxidant action, can be an
important alternative for food preservation and flavor. reducing
the concentration of synthetic additives in these products
(Guerrero et al., 2018; Monteschio et al., 2017; Rivaroli et al.,
2016; Sary et al., 2021a; Vital et al., 2018a, b).

The inclusion of EOs in infant food showed to be effective
in maintaining the product quality during storage, showing
better results than the synthetic antioxidant in some analyzes
(Kempinski et al., 2017; Monteschio et al., 2017; Rivaroli et al.,
2016; Vital et al., 2018b).

In this context, this study was realized to verify the consumer
acceptability of a pasty infant food with oregano essential oil by
children diagnosed with cerebral palsy.

2 Materials and methods
2.1 Meat for infant food formulation

The meat was obtained from eight crossbred young bulls (¥
Angus x 2 Nellore). originating from a single father. finished in
a feedlot for 62 days and slaughtered at 18-months. Average live
weight was 482 + 27.87 kg as described by Rivaroli et al. (2016).
After slaughter, the carcasses were chilled at 4 °C for 24 h. Then,
the Longissimus dorsi (LD) was excised from the left half of the
carcass from the seventh to the last lumbar vertebrae. The LD
was transported to the laboratory, vacuum-packaged and frozen
intact at -18 °C, until analysis (less than 1 month of storage).

2.2 Preparation of the treatments

The infant food was prepared by pressure cooking the LD
(262 g) in medium cubes with 200 mL of water for 15 min. Then,
the meat was processed (NMP08e500 W Mondial processor)
for 2 min. The ingredients (Table 1) were placed in a pan and
cooked for 5 min, to form a homogeneous mass. The infant
food contains the meat bovine (Longissimus dorsi), flat potato
(Solanum tuberosum), Garlic (Allium sativum), hot water, NaCl,
butylated hydroxytoluene, urucum (Bixa orellana) and oregano
oil essential. The treatments were defined as follows: addition of

0.01% oregano EO (EO-0.01%), 0.05% oregano EO (EO-0.05%)
and without addition of an antioxidant (CONT). Each sample.
with or without the respective antioxidants. was individually
packed in 30 g glasses with metal lids (pre-autoclaved at 121 °C
for 15 min; PHOENIX vertical 751). After packing, the samples
were pasteurized in a water bath (60 °C) for 30 min and stored
at 4 °C. CONT, EO-0.01% and EO-0.05% samples were served
to the children one day after production.

Table 1. Characteristics of the consumers involved on the test (n = 103).

Age. years %
1-4 38.8
5-8 30.1
9-12 21.4
13-16 9.7
Gender
Male 56.3
Female 43.7
Frequency of consumption
Beef
Never 15.5
1 time/month 3.9
2 times/month 7.8
1 time/ week 17.5
2 - 4 times/week 40.8
More than 5 times/week 14.6
Pork
Never 44.7
1 time/month 12.6
2 times/month 15.5
1 time/week 22.3
2 - 4 times/week 3.9
More than 5 times/week 1.0
Poultry
Never 6.8
1 time/month 7.8
2 times/month 13.6
1 time/week 36.9
2 - 4 times/week 28.2
More than 5 times/week 6.8
Food consumption method
Whole piece 35.0
Crushed 41.7
Whipped / pasty 233
Liquid -
Preferred food type
Sweet 28.2
Savory 71.8
Nutritional deficit
Yes 23.3
No 36.9
Perhaps 243
Did not know how to respond 15.5
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2.3 Microbiological analysis

The microbiological analyzes were made in order to guarantee the
microbiological quality of the samples. It was determined Coliforms
at 35 °C (NMP/g). Coliforms at 45 °C (NMP/g), Bacillus cereus
(UFC/g), Staphylococcus coagulase positive, Clostridium sulfite
reductant (UFC/g) and Salmonella spp (U.S. Food and Drug
Administration, 1992). All treatments presented less than < 0.3 NMP/g
total coliforms at 35 °C and 45 °C. Staphylococcus coagulase positive
and Salmonella spp were not detected. Bacillus cereus was < 1 x
10*and Clostridium sulfite reductant < 10 UFC/g. Thus, all results
were in accordance with what has been established by Brazilian
legislation, certifying that the samples were adequate for human
consumption (Veiros et al., 2006).

2.4 Consumer test design

The consumer test was performed at the Albert Sabin Special
Education School - Northern Parana Rehabilitation Association
(ANPR) - Maringa. Parand, Brazil. Consumers were selected by
age (1 to 4 years, 5 to 8 years. 9 to 12 years, and 13 to 16 years).
The socio-economic data, the level of education and family
income were also collected (Table 1).

Consumers were divided by days. with 35 children each day
per sample (CONT. EO-0.01% and EO-0.05%). Total numbers
of children were 105. Each day. the children evaluated a sample
identified with a code in the form of circles. corresponding to
the different treatments (Figure 1). The analysis took placein a
period of 3 subsequent days. totaling 309 samples tested at the
end of the days. To avoid order and transfer effects. the samples
were served in a randomized design (Macfie et al., 1989). On
the first day. children 1-35 (Group A) received the CONT
treatment, 35-70 (Group B) received the EO-0.01% treatment
and 70-105 (Group C) received the EO-0.05% treatment. On
the second day, group C received the CONT treatment, group
B received the EO-0.05% treatment and group A received the
EO-0.01% treatment. On the third day. group B received the
CONT treatment, group A received the EO-0.05% treatment, and
group C received the EO-0.01% treatment. The statistical data
totaled 103 children because there were two children missing
on one of the experimentation days and both were disqualified.

2.5 Questionnaire

Participants were requested to taste the sample and evaluate
the acceptability of the four studied attributes (color. odor.
tenderness. and flavor) for each. with a 5-point scale ranging
from 1 (dislike extremely) to 5 (like extremely). according to
Laureati et al. (2015). Before consumer testing, a supplementary

questionnaire was applied to the family in order to gather more
information about consumption habits (Table 2).

2.6 Statistical analysis

Acceptability of the sensory attributes was assessed via
analysis of variance using the general linear model (GLM)
procedures with SPSS (v.23.0) for Windows. Treatments were
considered a fixed effect and the consumer a random effect in
the sensorial test.

Differences between means were evaluated using Tukey’s test
(P <0.05). Hierarchical cluster analysis with Ward’s method was
used to determine the different segments of consumers. according
to the overall acceptability using XLSTAT (v.19.4). The number
of clusters was selected by a dendrogram. Principal Components
Analysis (PCA) was used to verify the relationships between
treatments and the attributes’ acceptability and presented in a
graphic. Correlations between attributes were evaluated using
Pearson’s correlation coefficient. Mean and standard error of
mean (SEM) were calculated for each variable.

Table 2. Socio-demographic characteristics of the families of the
consumers involved in the test and information about their knowledge
on essential oils and the use of spices (n = 103).

Family income: minimum wage (MW*) %
Less than 1 MW 17.5
Up to2 MW 47.6
2to 6 MW 26.2
6to 10 MW 6.8
More than 10 MW 1.9

Level of education
Primary School incomplete 243
Primary School complete 10.7
Secondary School incomplete 13.6
Secondary School complete 25.2
High School incomplete 11.7
High School complete 14.6
Knows what essential oils are
Yes 34.0
No 66.0
Uses oregano
Yes 49.5
No 50.5
Uses other spices
Yes 52.4
No 47.6

*MW: minimum wage (2017): 936 Brazilian Real = 292.5 US$.
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Figure 1. Children’s vision after eating infant food.
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3 Results and discussion

3.1 Socio-demographic characteristics. consumption and
purchasing habits of children and their families

The applied questionnaires increased the information in
relation to the consumers’ habits. in order to understand what
this population are accustomed to consume. The socio-economic
characteristics of the children’s families are presented in Table 1
and information about the children (consumers) is shown on
Table 2. Consumers were composed of 56.3% male, and 43.7%
female. with the majority of consumers being younger than 8
years of age (68.9%). In a study from Australia, of 90 children
with CP, approximate values for this population were identified
as 37.8% female and 62.2% male (Akhter et al., 2017).

Alot of family members (parent or guardian) had secondary
school incomplete (48.6%) and fewer had completed high
school. Families with household income at up to 2 minimum
incomes (935 Brazilian Real or 290 U$) was 65.1%. In a survey
conducted by Kranz et al. (2008) increasing family income was
predictive of better diet quality scores in the total population.
This finding indicates a threshold level in the relationship
between family income and dietary intake. Family purchasing
power has been found to predict the purchases of foods with
high nutritional quality.

Consumption habits of children are presented in Table 2.
Main beef consumption was two to four times a week. and one
time a week (40.8 and 17.5%, respectively). A portion of 15.5%
never eat beef, mainly associated with the difficulty of swallowing
food due to the condition of dysphagia associated with Cerebral
Palsy. In comparison. pork was never consumed by 44.7% of
the children and chicken was consumed once a week. Answers
related to beef consumption habits were not unexpected; 44.7%
of the children eat once a week or do not eat and. those who do,
consume it in a pasty or kneaded form (76.7%).

As the task of feeding these patients is time-consuming.
laborious. and risks tracheal suction. the quantity of food supplied
may be insufficient to meet individual demands (Marchand &
Motil, 2006). These factors contribute to many children with
cerebral palsy presenting impairments in their nutritional status
(Caselli et al., 2017). The low rate of meat consumption may be
due to the difficulty in processing this product to the ideal texture
in order to produce a food that is compatible with the difficulty
of swallowing for this population and is safe. minimizing the risk
of aspiration for the dysphagic child. The children’s preference
for salty food (71.8%) may positively influence the acceptability
of this product.

When a new product is developed, it is expected to have
good acceptability. with basic or enriched nutrients, with flavor.
aroma and texture compatible with the product. and with
adequate packaging. maintaining its sensorial characteristics
and shelf life during storage (Cardoso et al., 2022; Sary et al.,
2021b). In relation to this special population (children with
cerebral palsy and dysphagia). the development of a product
to supplement their diet should meet their needs for the intake

of meat or protein in general (20% of the food consumed per
day) (World Health Organization, 2003).

Almost half of the children’s families (66.0%) do not know
what an essential oil is. and do not use oregano (50.5%). However.
they have the custom of using spices in the preparation of food
(52.4%). According to Table 2, oregano consumption is not a
habit of the children participating in this study, and this factor
may have influenced the lower acceptability for EO-0.05% when
compared to EO-0.01% (Table 3).

Food choice is related with different factors which involve
cultural. social. economic. and individual aspects (Vabe & Hansen.
2014). Moreover, the use of natural compounds (herbs or their
derivatives) as natural additives is well accepted by consumers
and. in the case of children. by parents, who considered these
products safe and familiar, and had already showed a positive
use as replacements for synthetic additives (Haugaard et al.,
2014; Hung et al., 2016).

3.2 Consumer acceptability

In relation to acceptability. the treatment had a significant
effect on consumer sensory scores for color (P < 0.011), odor
(P < 0.001). and flavor (P < 0.010) (Table 4). No difference
(P > 0.05) in tenderness was observed. In relation to color,

Table 3. Consumer (n = 103) acceptability of infant food with and
without oregano essential oil.

Sensory experience

Ireatments Color Odor Flavor Texture
CONT 3.932 3.99 3.80° 3.76
EO-0.01% 3.80* 3.78* 3.77% 3.75
EO-0.05% 3.55° 3.33" 3.33" 3.42
SEM 0.052 0.060 0.070 0.065
P < Value 0.011 0.001 0.010 0.055

Scale: of 1 to 5. Means followed by different lowercase letter in the same column are
different (P < 0.05).

Table 4. Acceptability scores of infant foods with essential oil among
three consumer groups that were identified by cluster analysis (n = 103).

Sensory Treatments

acceptability CONT EO-0.01 EO-005 oM Pvalue
Color acceptability

Cluster 1 55 4.39® 4.47* 416  0.04 0.008
Cluster 2 24 4.45* 3.12° 2.70¢ 0.11 <0.00
Cluster 3 24 2.54° 2.95%® 3.000  0.08 0.030
Odor acceptability

Cluster 1 50 4.50* 4.50? 4.12° 0.04  <0.001
Cluster 2 29 4.37° 3.20° 2.27¢ 0.12  <0.001
Cluster 3 24 2.45° 3.00° 3.00° 0.10 0.045
Flavor acceptability

Cluster 1 63 4.58* 4.60* 401>  0.05 <0.001
Cluster 2 26 2.88* 1.88° 1.73*  0.10  <0.001
Cluster 3 14 2.00° 3.57¢ 328  0.14 <0.001

Means followed by different lowercase letter in the same column are different (P < 0.05).
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odor and flavor, the CONT and EO-0.01% received the higher
grades (Table 4). The administration of the samples was carried
out by previously trained caregivers, due to their greater affinity
with the children involved in the research. In this way, we do
not generate the denial from the presence of a stranger in the
act of feeding. Clinicians may choose to ask the caregivers of
young children to report the children’s usual diet rather than
the previous day’s intake alone (Kranz et al., 2008).

As mentioned. most of children are not familiarized with
the taste of oregano. and even less with the essential oil that has
more accentuated characteristics, which may explain the children’s
preference for samples with less oregano and without oregano.

In relation to color, the difference could be associated with
the odor since, in the Pearson correlation. the correlation between
these two parameters were 1 (highly correlated).

Studies of taste thresholds present a confusing picture. with
some studies suggesting that children as young as 5 + 7 years
of age have similar detection thresholds to adults. and others
finding that children of this age have poorer sensitivity than
adults (Arvedson. 2013; Benfer et al., 2014; Guinard, 2000).

Children tended to recognize only one of the components,
while adults recognized both. These differences could be due to
differences in taste perception, in cognitive ability (e.g. ability
to separately process two sensations), or in response strategy
(e.g. children may have focused on the more intense or more
appealing taste quality) (Oram et al., 2001).

In the research in question. the children noticed differences
between the treatments with varied intensities of oregano
essential oil. with better preference and acceptability for the lower
percentage of 0.01% OEO, to the detriment of the 0.05% OEO.

3.3 Cluster analysis

The preferences of a food attribute might not be homogenous
among a group (clusters). Thus. it is important to verify these
differences in order to identify different market niches. In Table 4.
acceptability scores from three clusters of consumers for the
infant food are described in terms of color, odor, and flavor.

3.4 Color acceptability

In terms of infant food color. there were three groups of
consumers (Table 4). Cluster 1 was characterized by accepting
the color of all samples. especially CONT and EO-0.01%. which
performed better (P < 0.008) than EO-0.05%. This cluster represents
the majority of consumers (53.4%). This sample was composed
of 50.9% male and 49.1% female. all younger than 4 years.

The second cluster represented the 23.3% of consumers
who preferred (P < 0.001) the color of CONT in relation to the
other treatments. EO-0.05% was rejected, and EO-0.01% had
intermediate acceptability. The percentage of males was 70.8%
and of females was 29.2%; 70.8% were younger than 8 years.
For the third group, despite the color characteristics, 23.3% of
consumers rejected CONT, and EO-0.05% presented higher

Food Sci. Technol, Campinas, 43, 106622, 2023

grades. Males represent 54.2% of this group and female represent
45.8%, with 75.0% of them being younger than 8 years.

3.5 Odor acceptability

In terms of odor. there were three groups of consumers
(Table 4). Cluster 1, the largest, was characterized by accepting
the odor of all samples, especially CONT and EO-0.01%, which
differs (P < 0.001) from EO-0.05% statistically. Most of the
consumers of this cluster were male (60%), and the majority
were aged between 5-8 years.

The second cluster with 28.15% of consumers preferred
(P <0.001) the odor of CONT (without oregano essential oil)
and rejected the odor of EO-0.005%. The percentage of male and
female was similar on this group (55.2 vs. 44.8%, respectively);
55.2% were younger than 4 years of age.

In relation to the third group (23.3%), CONT odor was
rejected (2.45 on a 5-point scale) and was different (P < 0.045)
from the groups with oregano. Males and females of this cluster
were in the similar proportion, 50.0%, with 41.7% of them being
younger than 4 years, 33.3% between 5 and 8 years, 25.0% above
9 years of age.

3.6 Flavor acceptability

All clusters of consumers reported differences (P < 0.001) in
flavor acceptability between foods (Table 4). Cluster 1 (61.16%)
gave the best scores to treatments CONT and EO-0.01%. However,
all treatments received grades above 4. This cluster contained
60.3% males. and 36.5% were older than 9 years of age. Cluster
2 (25.24%) rejected the flavor of all samples. presenting scores
lower than 3 points. This segment consisted of 38.5% male and
61.5% female; 50% were older than 4 years of age. Cluster 3,
which comprised 13.6% of the consumers, was characterized by
rejection of the CONT, and acceptance of the infant food with
essential oil, independent of its concentration. In this cluster,
the majority was male (71.4%) and 42.9% of them were aged
between 5 and 8.

3.7 Principal component analysis

Information about the infant food, the use of oregano
essential oil and preferences by consumers is put in a graph
in Figure 1. The two main component axes explained 100%
of the total variance. The attributes of color. odor. flavor. and
tenderness are situated on the right-hand side of F1, as well
CONT and EO-0.01%. The EO-0.05% is on the other side (left
of F1), inversely related to the attributes evaluated. Texture and
flavor are situated in the same quadrant as EO-0.01%, which
demonstrates an association between these factors (Figure 2).
The association can be observed between odor, color, and CONT.
The two factors of great relevance for dysphagic children (texture
and flavor) are correlated with EO-0.01%, suggesting that the
inclusion of natural additives in infant feeding may lead to good
acceptability for this kind of food, and also that natural additive
can be used to replace synthetic ones, as observed in a previous
study (Kempinski et al., 2017).
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Figure 2. Main component analysis of the scores for odor. flavor. texture. and color acceptability of infant food with and without oregano essential
oil. CONT: Control without oregano essential oil; EO-0.01%: infant food with 0.01% oregano essential oil; EO-0.05%: infant food with 0.05%

oregano essential oil.

4 Conclusion

The development of a new food product with oregano
essential oil (natural additive) that brings nutritional benefits to
children demonstrated to be feasible due to its good acceptability.
The EO-0.01% treatment demonstrates an association between
texture and flavor. the most relevant attributes for children with
cerebral palsy, and did not present differences between the
control (without oregano essential oil) in relation to the sensory
attributes. The infant food with 0.05% oregano essential oil showed
lower scores compared with the other treatments. However, in
relation to acceptability, all samples received satisfactory scores
(above 3). In this way, the use of oregano essential oil could be an
alternative food additive, not only due to its antioxidant power
but also its good acceptability.
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