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Background & aims: This study is based on the development and validation of a popsicle to reduce
preoperative fasting time.

Methods: The study was carried out in two stages, pre-clinical and clinical validation. The first stage
consisted of producing a water-based, fat-free, high-calorie fruit-flavored popsicle, characterized by
proximal composition and sensory analysis. In the second stage, clinical validation was performed in
patients aged between 18 and 65 years before elective surgery, evaluating the incidence of aspiration
during anesthesia and the patient's experience in relation to hunger, thirst, anxiety and palatability of the
popsicle.

Results: The results of the study showed that the use of popsicle 2 h before the surgical procedure did not
cause any adverse reaction in patients and in the anesthetic procedure. Furthermore, the full accept-
ability of the product by the participants and the control of thirst and satiety during the preoperative
period were observed.

Conclusions: The present study showed that with the use of popsicles it was possible to reduce safely the
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preoperative fasting time to up to 2 h before the surgical procedure.
© 2023 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

It is widely recognized that the reduction of the preoperatory
fasting is an important milestone of Enhanced Recovery After
Surgery (ERAS) multimodal approach [1]. Prolonged fasting can be
harmful to the patient, as it causes some risks and discomforts to
patients, such as anxiety, hunger, thirst, and metabolic changes —
such as insulin resistance that results in glycemia disorders, inter-
fering the uptake of glucose by the cells. Thus, the metabolic
changes can be associated with reduced caloric intake that can lead
to malnutrition. This can contribute to decrease the immune sys-
tem and consequent increase surgical inflammatory response [2].

Drink water before anesthesia reduces dehydration and carbo-
hydrate loading is associated with less insulin resistance [3]. Oral
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carbohydrate 2 h before elective surgery in adults attenuates
discomfort, mouth dryness, hunger and thirsty with no increase in
the incidence of aspiration and infection, leading to a better
metabolic profile [4—6]. However, in clinical practice there are few
food options to serve as a clear fluid, are those that do not have
residues, propose like maltodextrin drink preparations, strained
fruit juices and coffee with sugar. Nevertheless, all of them are
drinks and cannot deliver the solid bite sensation to the patients.
Mastication is one important aspect in oral processing and self-
reported hunger [7].

In this scenario, we proposed to develop and validate a popsicle
that act as a clear fluid, testing the palatability, acceptance and
personal feelings of patients before elective procedures, as well as
the incidence of adverse reactions in the anesthetic procedure
(vomiting and bronchoaspiration).

2. Materials and methods

The study was approved by the ethics committee, in accordance
with Brazilian legislation, under number CAAE 4314532100-
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0005351. The formulation and processing of the popsicle followed
the methodology described in the patent under registration num-
ber BR1020210230410. The development of the popsicle consid-
ered the ingredients to characterize it as a clear liquid loaded with
fast-absorbing carbohydrates, without fibers, lipids and proteins.
The popsicle proximal composition was determined according to
the Brazilian resolution RDC n° 359 of December 23, 2003 [8]. All
the norms recommended by the Ministry of Health, Department of
Sanitary Surveillance, according to Ordinance N° 379, of April 26,
1999, for the preparation of popsicle were followed.

We evaluated acidity, pH, °Brix, viscosity of the mixture, the
instrumental color and melting time. In order to guarantee the food
safety, microbiological analyzes of Salmonella sp. and Enterobac-
teriaceae were done according to the requirements set out in
Normative Instruction n° 161, of 01 of July 2022 [9]. All analyzes
were performed in triplicate.

Moisture was determined in an air recirculation oven at 105 °C
until constant weight (Fanem model 320-SE, Sao Paulo, Brazil). The
pH reading was performed using a pH meter (Digimed, model DM-
22, Sao Paulo, Brazil) [10]. Fat determination was performed by the
Roesse-Gottlieb method using ethyl alcohol and petroleum ether as
solvent. Total nitrogen was obtained by the Kjeldahl method and
multiplied by a factor of 6.25 to obtain protein (Tecnal, model TE-
0344, Sao Paulo, Brazil). Acidity was determined in Dornic de-
grees by titration with 0.1 N sodium hydroxide (titratable acidity),
following the guidelines of methods 016/IV and 311/IV. Soluble
solids were determined by refractometry using a refractometer
(Contec, model 0—90 °Brix, Sao Paulo, Brazil), corrected to 20 °C,
results expressed in °Brix. The determination of the total dietary
fiber content was carried out using enzymatic-gravimetric method.
The total minerals were obtained by the gravimetric method, after
calcination at 550 °C for 6 h (Forno Lavoisier, model 400C, Belo
Horizonte, Brazil). Results were expressed in g/100 g, on a dry basis.

The residual mineral was diluted in 50 mL of 0.5 % nitric acid,
filtered and for the quantification of the mineral component of
sodium (Na) and potassium (K) standard concentration of 100 mg/
mL (Analyser, model 910, Sao Paulo, Brazil). For the components
zinc (Zn), manganese (Mn), magnesium (Mg), copper (Cu), calcium
(Ca), cadmium (Cd) the Sanvantaa flame atomic absorption spec-
trometry method was used (Savantaa, model 6BC 3.11 A, Australia).
All the tests followed Adolf Lutz Institute guidelines to food analysis
[11].

To decide the best palatable flavor to clinical validation, we did a
first step study protocol with a sensorial evaluation analyzing flavor
and acceptance of two popsicles formulation prototypes. In this
stage, the test was performed by 50 50 untrained panelists of both
sexes, in a sensory analysis laboratory. The tasters had at their
disposal two different samples of lemon popsicle flavors. The sen-
sory evaluation of the popsicle was carried out through a consumer
acceptance test - structured hedonic scale with 9 points (9 - I liked
italotand 1 - I hated it a lot) [12].

In the second stage of the study protocol, we offered the
popsicle to 40 volunteer patients (n = 40), between 18 and 65 years
old, up to 2 h before elective surgery, between July 2021 and
February 2022. In this first of the product trial, we excluded ob-
stetric, diabetics, gastropathies and gastroesophageal reflux pa-
tients, requiring a new study in this population. Written informed
consent was obtained from all subjects participating in pre-clinical
and clinical stage in accordance with the Declaration of Helsinki
standards and Brazilian regulations (ANVISA) for food manipula-
tion. This manuscript adheres to the applicable Guidelines for the
design, conduct and reporting of human intervention studies to
evaluate the health benefits of foods [13]. We evaluated the inci-
dence of vomiting aspiration during anesthesia procedure and the
experience of the patient with this new product with
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questionnaires for the self-completion. In the questionnaire we
asked individual data like age, sex, diseases, use of daily medica-
tion, and the experience of the popsicle using a numerical analog
scale (0 - worst to 10 - best). We evaluated personal feelings of
hungry, thirst, anxiety and the palatability experience of the
popsicle. In the anxiety and satiety levels evaluations before and
after consuming the popsicle, patients answered a questionnaire in
which they assigned scores from 1 to 10. In anxiety questionnaire
scale: 1 being without anxiety and 10 extremely anxious and in the
satiety scale 1 being extremely hungry and 10 totally satisfied.

The statistical analyses were performed using the GraphPad
Prism 9.2 software. The values of sensory acceptance of the two
formulations were compared by Mann Whitney test. The correlation
among the scores attributed by the patients were plotted one
against the other aiming to know their correlations. For all the
analysis, p values lower than 0.05 were considered as statistically
significant.

3. Results

The popsicle had a total solid content of 25.92 (+0.09) °Brix, pH
of 2.5 (+0.02), acidity of 3.44 (+0.05) and viscosity of 3.83 (+0.10)
cP. The complete melting time of the popsicle was approximately
70min, and it started thawing after 20 min at a temperature of 29 °C
(+2). Each 200g (3 units) serving of popsicle contains 1.21 mg of Ca
(0.12 % of Daily Values - DV), 0.51 mg of Mg (0.12 % of DV), 0.06 mg
of Zn (0.54 % of DV) and 0.47 mg K (9.94 % DV). Graphical abstract
shows the visual appearance of the popsicle and nutritional label of
the product complying with Brazilian resolution RDC n° 359, of
December 23, 2003 [8].

During the first step phase, carried out in the laboratory, with 50
people who tasted samples A and B of the popsicle formulations,
there was a significant preference for sample B (p < 0,05), shown on
Fig. 1.

The second phase had 20 male participants and 20 female par-
ticipants (n = 40). The mean age of patients was around 52 years.
Most patients (55 %) had comorbidities and used chronic medica-
tion (65 %). The most prevalent group of surgeries was orthopedic,
followed by general and urological surgery. General anesthesia
(airway manipulation) was the most performed, followed by spinal
and plexus block, according to Table 1.

In the personal felling evaluation, 95 % of patients thought the
popsicle tasted good or very good. In addition, 90 % reported that,
with the consumption of the popsicle, they did not feel thirsty
before the surgical procedure. In addition to these findings, 97.5 %
of patients were satisfied to be able to consume the product.

In the anxiety evaluation, the scores decreased after the con-
sumption of the product, from average mean value of 5 to
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Fig. 1. Sensory acceptance of lemon popsicle formulations (n = 50 untrained panel-
ists). Since B flavor was the most preferred, we choose this flavor formulation to carry
the second phase.
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Table 1
Characterization of study population (n = 40 patients).

Age (years) 52.35 + 11.34 (22—-65)
Gender Male (%) 50.0
Female (%) 50.0
Use of medication Yes (%) 65.0
No (%) 35.0
Comorbidity Yes (%) 55.0
No (%) 54.0
Surgery Orthopedics (%) 36.8
General (%) 26.3
Urology (%) 21.2
Others (%) 15.7
Anesthesia General (%) 784
Spinal (%) 189
Plexus block (%) 2.7

anxiety score

Fig. 2. Diagram representation of anxiety scores before and after the consumption of
the popsicle (n = 40 patients).

approximately 2 (p = 0.0021) showing that the popsicle helped to
reduce anxiety levels before surgical procedure, according to Fig. 2.

Patients who described that the popsicle had positive effect on
thirst and in the evaluation related to anxiety and satiety had better
anxiety and satiety levels after the ingestion of the popsicle
p < 0.05, according to Fig. 3.

Finally, as it was expected, after the consumption of the popsicle
there were no episodes of bronchoaspiration and vomiting during
anesthesia procedure.

4. Discussion

Mankind has been enjoying ice cream preparations for thou-
sands of years: 4000 years ago, in China, they mixed powder snow
with salt to freeze recipient containing syrup preparation [14]. Ice
cream mouth consumption can evoke different sensory perceptions
like sweetness, chewiness and smoothness [15]. Palatable food
consumption changes dopamine, dopamine receptors and
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Fig. 3. Scatter Diagram representation of patients who said that the popsicle helped to
control the thirst and anxiety and satiety evaluation (n = 40 patients).
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transporters in the striatum, including GABA (Gamma-Amino-
Butyric Acid) and opioids system in food intake reward process [16].
In this study, we tested a new icy palatable food option as a clear
fluid that the patients can bite, lick and masticate. In times that
patient satisfaction is a possible indicator of quality surgical care
[17], this innovative food option can improve patient perception
since the popsicle delivered high satisfaction rates and helped to
decrease anxiety level before surgery.

It is known that the introduction of a carbohydrate loading
before anesthesia not only hydrate but also improves the metabolic
state of the surgical patient attenuating trauma response such as
insulin resistance [3]. Some studies have also demonstrated an
additional benefit in reduction of post operative pain levels when
carbohydrates were used to enhance preoperative fasting [18,19].

The main limitation of our research was that the postoperative
parameters were not evaluated. We only focused on evaluating the
levels of anxiety, thirst, satiety, and adverse reactions with popsicle
consumption in the period prior to anesthetic procedure. We also
did not the ultrasound evaluation of gastric emptying. In addition,
we did not test the popsicle in pregnant and children population
and more studies are necessary.

In conclusion, despite all the guidelines and efforts to enhance
preoperative fasting, old habits of prolonged fasting are a fact and
the adherence of new protocols in hospitals sometimes is difficult
[20]. Maybe new palatable food products that act as clear food
could catch the attention of patients, anesthesiologists and sur-
geons to enhance perioperative fasting. Our study revealed that the
popsicle had good acceptability by the patients. In addition, there
were no episodes of bronchoaspiration or vomiting at the time of
anesthetic procedure in any of the study participants. Mostly of the
participants were satisfied with being able to consume the popsicle
during the preoperative fasting period.

The present study showed that with the use of popsicles it was
possible to reduce the preoperative fasting time to up to 2 h before
the surgical procedure, without causing adverse reactions to pa-
tients and without increasing the risk of bronchoaspiration during
the anesthetic procedure. The popsicle promoted a reduction of the
levels of anxiety and thirst and provided a feeling of satiety to the
participants.
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