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Abstract: In cycling, a wide range of ergogenic foods with a variety of flavours, shapes, and textures
are available. The timing of their consumption and their correct oral processing can influence the
performance of athletes. Furthermore, the differences in the texture of energy bars could result in
differences in the chewing required. Nonetheless, research in this area is still scarce. The aim of
this study was to analyse how the consumption of two energy bars with different textures (viscous
versus hard) influenced the variables of oral processing, pedalling intensity, and the perception of
satisfaction among cyclists. Ten cyclists performed two 15 min sections on a cycle ergometer at a
moderate intensity (120–130 W) and consumed one of the two energy bars at random in each of the
sections. The results showed that a shorter chewing duration and a fewer number of chews were
required to consume the softer bar (p < 0.05, ES > 0.7). However, no differences among the cyclists
were observed in the intensity of pedalling or perception of satisfaction. Nevertheless, participants
were able to distinguish between the two different textures while pedalling. In conclusion, the
texture of energy bars altered the oral processing of cyclists but did not affect pedalling intensity or
perception of satisfaction.

Keywords: ergogenic aids; carbohydrates; cycling; foot texture; chewing

1. Introduction

In recent years, there has been a general increase in the practice of endurance sports [1],
classified as sports involving continuous exercise for 30 min or more [2,3]. Specifically,
cycling is one of the most practiced endurance sports [4], with competitive tests usually
lasting several days and involving stages lasting 3 to 5 h each. More continuous trials, such
as the Tour de France, Giro d’Italia, or Vuelta a España, in which professional cyclists from all
over the world participate, are among the toughest because they last for more than three
weeks [5].

At the metabolic level, a peculiarity of these tests is the use of mixed energy metabolism,
where both the aerobic and anaerobic lactic systems are used, depending on the intensities
reached at any given moment in the trial [6,7]. In these competitions, the availability
of carbohydrates (CHs)—the main source of energy—can reduce as the intensity of the
exercise progresses [7]. Therefore, the performance of athletes is limited in high-intensity
and prolonged (more than 90 min) submaximal or intermittent exercises, thereby compro-
mising muscle performance and the central nervous system [8,9]. In this sense, nutritional
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planning and adequate intake of CHs by consuming ergogenic foods play a fundamen-
tal role in reducing the time to fatigue [4,10,11] and improving the performance of these
athletes [12–15].

The ingestion of 90 g/h of CHs is currently recommended during exercise lasting
more than 3 h [16,17]. Furthermore, more specific recommendations of intakes of 8–12 g/kg
of body mass/day have been suggested for trials involving 4–5 h of moderate-to-high
intensity exercise per day [14,16]. In cycling, sports energy bars are usually one of the
solid foods most used to supplement CHs given that, as the result of the position of
the athlete on the bike, they tend to cause fewer gastrointestinal (GI) problems [18,19].
In addition, this is also the preferred food form by athletes participating in long-term
competitions [20–22]. Thus, good oral processing of the foods that will be eaten during
races can improve their subsequent digestion, reduce the appearance of GI discomfort, and
benefit sports performance [23,24]. Hence, reducing the duration of the chewing process
could generate favourable conditions for athletes [23,25].

Among other factors, chewing time is related to the kinematics of chewing described
as the number of chews, chewing speed, or chewing pattern (opening and closing of the
jaw) [26]. In turn, it is possible that athletes’ perceptions of the texture and taste of food
could also influence how they chew [27–29]. Specifically, the study by Le Révérend et al. [30]
showed how the number of chewing cycles and muscle activity can differ between similar
products with small differences in texture. Nonetheless, research in this field applied to
sports practice is currently very limited [31,32].

Thus, the aim of this current study was to analyse how the consumption of two energy
bars with different textures influenced the variables of oral processing, pedalling intensity,
and perception of satisfaction among cyclists. In this sense, considering that the kinematic
response to the oral processing of food is a novel factor that could generate favourable race
conditions, we hypothesised that the difference in texture would alter oral processing and
therefore influence the intensity of cyclists.

2. Materials and Methods
2.1. Participants

This study included 10 amateur cyclists, 8 male and 2 female (aged: 30 ± 11 years;
height: 1.74 ± 0.09 m; body mass: 71.9 ± 10.6 kg; BMI: 23.6 ± 2.3 kg/m2; body water
content: 61.3 ± 6.2%; body fat: 15.6 ± 8.3%; and lean mass: 57.5 ± 8.7 kg). To estimate
the minimum sample size, a statistical power analysis was performed on the basis of the
results of a previous study [33]. To do this, the value of the F test was converted into an
effect size d (mean difference) for each oral activity variable [28], and then the sample was
calculated with the G*Power program [34], assuming a statistical power of β = 0.95 and
α = 0.05. The results indicated that a sample of 6 to 10 participants would be required to
detect an effect size of d = 1.11–1.68 between the two energy bars in terms of the number of
chews and average number of times the average jaw opening.

The inclusion criteria for the sample selection were (1) being aged between 18 and
55 years, (2) training more than 70 km/week, (3) being a non-smoker, (4) not suffering
any food allergies or diseases, and (5) not taking any medication or suffering from dental
lesions and/or discomfort in 3 weeks prior. All the cyclists participated voluntarily in
this study and fulfilled the following requirements prior to the test (a) not having drunk
alcohol in the 24 h prior; (b) not having eaten any food in the 2 h prior; and (c) not having
performed intense physical exercise in the 12 h before the test. The study was conducted in
accordance with the Declaration of Helsinki and was approved by the ethics committee at
the university (with reference number 1605362). The participants signed their respective
informed consents before taking part in the research.

2.2. Studied Energy Bars

The two energy bars analysed were (1) Aptonia Energy Date (AP; Decathlon, Englos,
France) and (2) Etixx Sport Bar (EX; Etixx, Belgium). Both were designed for use during
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exercise and had a similar nutritional composition in terms of CHs (Table 1). However,
each bar had a different flavour and texture as a result of their ingredients. The AP bar
had an orange flavour and a more viscous and sticky texture because it was prepared with
date paste. In turn, the EX bar had a chocolate flavour and was harder, more compact, and
drier because its main ingredient was oat flakes. The two bars were administered to each
participant during the experimental periods in a random order.

Table 1. Nutritional information of the bars: Aptonia (AP) and Etixx (EX).

Energy Bar AP EX

Model Energy Date Energy Sport Bar
Mass 40 g 40 g
Price EUR 0.8 EUR 2.5

Energetic value 136 kcal 142 kcal
Carbohydrates 26 g 27.2 g

Sugars 22 g 11.7 g
Fat 2.2 g 2.3 g

Protein 1.3 g 2.5 g
Sodium 60 mg 100 mg

2.3. Procedures

Each participant carried out a laboratory test in a single session, during which they
had to eat both energy bars (randomly) while performing a total of 45 min of uninterrupted
pedalling on a cycle ergometer (Cardgirus® W3+, Sabadell, Spain) at a moderate intensity
(Figure 1). The test was divided into two 15 min sections. Before starting the first section, a
5 min warm-up was carried out at an intensity of 80 W of pedalling. The first 15 min period
at a pedalling intensity of 120–130 W then started. At minute 5, the participant had to ingest
the first half of one of the bars (20 ± 4 g) with 100 ± 5 mL of water, followed by the other
half, also with water, at minute 10. After the first section, the athletes performed 5 min at
an intensity of 80 W, during which they completed a survey on their perceived satisfaction
with the first bar. Next, the second 15 min section at an intensity of 120–130 W began, which
followed the same sequence as in the previous section, but with the consumption of the
second bar. To finish, the athletes completed another 5 min at 80 W while completing the
perception survey about the second bar. A screen was placed in front of the participants to
indicate the intensity and that they could stay within the established ranges. Meanwhile,
for the cadence, no instructions were given, and the participants were free. In addition, all
participants used the cycle ergometer pedals with their own shoes in order to eliminate the
effect of using different cleats [35]. The intensity range was selected, taking as a reference
≈50% of the values reached by elite cyclists in flat stages [36].
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 Figure 1. Protocol followed during the intervention. Abbreviations: W, Watts; HR, heart rate; Borg,
perceived exertion using the Borg CR-10 scale.

The oral processing kinematics were recorded during the ingestion of each half of each
bar. In addition, the pedalling intensity was obtained for each 15 min section. Finally, before
the perception survey was completed for each bar, athletes were asked about their perceived
exertion using the Borg CR-10 scale [37], and their heart rates were recorded using a heart rate
monitor (Polar V800, Polar Electro Oy, Kempele, Finland). The temperature and humidity of
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the room (24.6 ± 0.4 ◦C and 57 ± 6%, respectively) were also monitored using a digital hy-
grometer (Digital thermo-hygrometer, TFA Dostmann, Wertheim-Reicholzheim, Germany).

2.4. Data Collection and Analysis

An Optitrack motion capture system was used (NaturalPoint Inc., Corvallis, OR, USA)
for the 3D kinematic analysis of oral processing. As shown in Figure 2, the system used
6 infrared cameras (100 Hz; Flex 3) arranged around the cycle ergometer and acquired data
from the cameras through Motive tracker software (version 1.10, NaturalPoint Inc., OR,
USA). A model employing 6 markers (that were 12 mm in diameter) was used, whereby
2 markers were placed on the jaw and 4 markers on the forehead [28]. During the recording,
the cyclists had to look straight ahead and could not speak; the recording time was from
the introduction of the piece of the bar into the cyclist’s mouth until the end of chewing, as
indicated by the participants raising their right hand (excluding mouth sweep movements).
Although two recordings were made for each bar, one for each half, the mean of both was
used in this study.
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Figure 2. Cyclist with markers placed on his jaw and forehead during the test.

Signal processing was carried out using Matlab software (version 9.9, R2018b, The
Math Works Inc., Natick, MA, USA). The data were filtered by a Chebyshev-type II low-
pass filter with 8 and 40 dB attenuation in the attenuated band, with a cut-off frequency of
3 Hz that was obtained experimentally by trial and error [38]. The distance between the
forehead and jaw was calculated separately for each chewing cycle by identifying the local
maximum and minimum points. Table 2 shows the definition and unit of measurement for
each extracted parameter, which was based on the study by Rizo et al. [28].

Table 2. Parameters analysed during the kinematics of oral processing.

Parameter Description

Duration (s) Time from when the food was placed in the mouth and chewing began until jaw movement was no
longer detected.

Number of chews (n) Number of complete chews counted during the chewing duration.
Mean time (cs) Average time for each chew.

Minimum time (cs) Minimum time for each chew.
Maximum time (cs) Maximum time for each chew.

Average opening (mm) Mean displacement of the jaw during the phases of opening the mouth.
Minimum opening (mm) Minimum displacement of the jaw during the phases of opening the mouth.
Maximum opening (mm) Maximum displacement of the jaw during the phases of opening the mouth.

Average closing (mm) Mean displacement of the jaw during the phases of closing the mouth.
Minimum closing (mm) Minimum displacement of the jaw during the phases of closing the mouth.
Maximum closing (mm) Maximum displacement of the jaw during the phases of closing the mouth.

Speed (mm/s) Average jaw speed.
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The average pedalling intensity of each 15 min section was recorded with the cycle
ergometer software, taking the average value for each section for the following parameters:
torque (Nm), speed (km/h), average power (W), and average cadence (pedalling * min). To
evaluate the perception of satisfaction of each bar, a Likert scale with 7 items and a score of
1 to 5 was used, where 1 corresponded to “very bad/a little” and 5 meant “very good/a
lot”. The 7 items were dictated in the following order: (1) What score would you give the bar
in general? (2) Was it difficult for you to chew? (3) Was it hard for you to swallow? (4) Did you
need to drink water to help you swallow? (5) Do you like the texture? (6) Did you like the taste?
and (7) Would you use this particular bar as an ergogenic aid in a competition knowing that it will
provide you with the nutrients required to help you complete the trial? In addition, a final item
was added in which the cyclists were asked to identify the textures of the bar in terms of
pastiness, softness, lumpiness, stickiness, hardness, and juiciness.

2.5. Statistical Analysis

The statistical analysis of the results was conducted using SPSS software (version
23, SPSS®, IBM®, Armonk, NY, USA). Once the normality of the variables was verified
(Shapiro–Wilk test, p > 0.05), the statistical differences (p < 0.05) between the two bars for
each variable were analysed using Student t-tests for related samples. In addition, the
Cohen effect size (ES) was calculated for any significant differences (p < 0.05) found in the
pairwise comparisons, classifying them as small (ES = 0.2–0.5), moderate (ES = 0.5–0.8), or
large (ES > 0.8) [33].

3. Results

In relation to the oral processing of the bars, the results showed significant differences
in the chewing duration and number of chews required, with the EX bar taking longer to
chew and requiring more chews than the AP bar (p = 0.013, ES > 0.8 and p = 0.009, ES = 0.7,
respectively). However, the mean and minimum jaw opening width was lower for the
EX bar (p = 0.014, ES = 0.4; and p = 0.013, ES = 0.4, respectively). Likewise, the mean jaw
closure distance was significantly lower with the EX bar compared to the AP bar (p = 0.009,
ES = 0.4). The remaining variables showed no significant differences (p > 0.05) between the
two bars (Table 3).

Table 3. Comparison of oral processing of the Aptonia (AP) and Etixx (EX) bars. The data are
expressed as mean values with their standard deviations (SDs), significances (p), and Cohen effect
sizes (ES).

Variable AP Bar
Mean ± SD

EX Bar
Mean ± SD p (ES)

Duration (s) 32.71 ± 6.06 * 39.79 ± 10.57 p = 0.013 (>0.8)
Number of chews (n) 43.30 ± 10.01 ** 51.80 ± 12.21 p = 0.009 (0.7)

Mean time (cs) 76.50 ± 6.50 76.81 ± 6.90 p > 0.05
Minimum time (cs) 54.02 ± 6.01 51.50 ± 3.60 p > 0.05
Maximum time (cs) 139.25 ± 28.28 151.75 ± 24.89 p > 0.05

Average opening (mm) 13.54 ± 2.66 * 12.41 ± 2.76 p = 0.014 (0.4)
Minimum opening (mm) 5.55 ± 2.26 * 4.64 ± 1.92 p = 0.013 (0.4)
Maximum opening (mm) 21.48 ± 2.81 21.56 ± 3.76 p > 0.05

Average closing (mm) 13.73 ± 2.64 ** 12.51 ± 2.77 p = 0.009 (0.4)
Minimum closing (mm) 5.35 ± 2.47 4.77 ± 1.62 p > 0.05
Maximum closing (mm) 22.08 ± 3.18 21.82 ± 3.34 p > 0.05

Speed (mm/s) 17.90 ± 3.74 16.54 ± 5.06 p > 0.05
Significant differences between the two bars are indicated as follows: * p < 0.05 and ** p < 0.01.

Regarding the effect of eating the bar on the performance variables analysed, no
significant differences (p > 0.05) were observed for any parameter (Table 4). Likewise,
no differences were found in the perception of effort required (AP vs. EX: 6.1 ± 0.6 vs.
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5.7 ± 0.5 points; p > 0.05) or heart rate (AP vs. EX: 126.1 ± 4.4 vs. 124.9 ± 5.8 points,
p > 0.05) when the 15 min sections for each bar were compared.

Table 4. Comparison of the performance variables for the Aptonia (AP) and Etixx (EX) bars. The data
are expressed as mean values with their standard deviations (SDs), significances (p), and Cohen effect
sizes (ES).

Variable AP Bar
Mean ± SD

EX Bar
Mean ± SD p (ES)

Torque (Nm) 13.04 ± 3.21 15.63 ± 1.85 p > 0.05
Speed (km/h) 24.36 ± 2.18 26.16 ± 1.47 p > 0.05

Average power (W) 127.65 ± 6.72 125.47 ± 6.97 p > 0.05
Average cadence (p*m) 80.36 ± 4.49 77.64 ± 1.81 p > 0.05

The results in terms of the perception of satisfaction while consuming each bar were
similar overall (3.22 ± 0.97 points), with no significant differences (p > 0.05) in any of the
items analysed (Figure 3). The three most identified textures in the AP bar were pastiness
(90%), stickiness (90%), and softness (80%), while for the EX bar, they were lumpiness (90%),
hardness (80%), and stickiness (70%).
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4. Discussion

The aim of this present study was to analyse how the consumption of two energy bars
with different textures influenced the variables of oral processing, pedalling intensity, and
the perception of satisfaction among cyclists during a cycle ergometer session. For the EX
bar, the results showed higher values for the chewing duration and number of chews, as
well as a lower average closing and average and minimum jaw opening width. However,
there were no differences between the bars in the intensity of pedalling or perception of
satisfaction, even though the athletes identified a pastier texture for the AP bar and a harder
one for the EX bar.

Nutritional planning is highly relevant in most competitions, especially in endurance
sports such as cycling [6,14,39]. A wide range of ergogenic aids with a variety of flavours,
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shapes, and textures are currently available [40]. Of note, the timing in their ingestion,
time spent consuming them, and correct oral processing could influence the performance
of athletes [23,25,41], and so chewing behaviour can be influenced by modifying food
textures [30]. Thus, several studies found more chews, longer chewing duration, speed,
and muscular activity of chewing in samples with harder textures compared to soft or
viscous textures [28,42,43]. The results from this present study agree with these previous
findings, whereby the duration and number of chews was significantly greater for the EX
bar compared to the AP bar. This was probably as a consequence of the drier and harder
texture of the former versus the more viscous texture of the latter. However, there were
no differences between the bars for chewing speed and mean, minimum, and maximum
chewing times.

In terms of nutritional planning during competitions, it is preferable for athletes to
ingest ergogenic aids in the shortest time possible. This allows them to dedicate all their
effort and attention to engaging in the exercise and reduced any respiratory difficulties
caused by the oral processing of food [25]. Therefore, variables such as the duration of
the chewing process and number of chews is key. Thus, the shorter duration and lower
number of chews required to consume the AP bar in this current work suggests that its
performance during competitions would be preferable over that of the EX bar. However,
fewer chews has also been related to a lower feeling of satiety [44–46], while increased
satiety and fullness could cause discomfort and perhaps the appearance of GI discomfort,
nausea, and/or vomiting [41], as well as dysfunction in salivation, thereby causing heavier
digestions [47]. Thus, on the basis of our results, the AP bar could, a priori, cause a lesser
feeling of satiety and less GI discomfort.

Another variable of interest in the oral processing of food is jaw displacement [26].
There is evidence [28,30,48–50] that foods with a harder texture are chewed between the
molars with greater lateral and vertical displacement compared to foods with a softer
texture and composition, which break between the tongue and palate and require less effort
and processing time [51,52]. In our study, only vertical displacement was analysed with the
jaw opening and closing variables. However, contrary to the results of the aforementioned
studies, we obtained higher values for both these variables for the softer AP bar. This result
is possibly because of the greater pastiness and stickiness of this bar, requiring greater jaw
displacement to detach the food from the mouth and teeth [53,54].

The intensities reached during large cycling competitions such as the Tour/Vuelta/Giro
are quite high at around 200–270 W [55]. Thus, cyclists usually ingest solid supplementation
in competitions during the flat areas of the profile when the physical demand is lower. This
allows cyclists to better assimilate these ergogenic aids [13]. Therefore, in the present study,
we asked the participants to maintain a moderate intensity power range of 120–130 W, with
the aim of simulating the times athletes might consume food during the lower intensity
sections of trials. This may be why we did not find any significant differences between
the two bars for any of the performance variables studied (torque, speed, average power,
or average cadence), perceived effort, or heart rate. Similarly, Oberlin-Brown et al. [32]
found no differences in pedalling cadence during gum chewing, although Guillochon and
Rowlands [56] did find differences in pedalling power when ingesting CHs in a bar rather
than in a gel format. These results suggest that further research is needed on this topic
to analyse the effect of oral processing at other pedalling intensities and/or deliberately
modifying other performance variables such as torque, speed, and average cadence.

Finally, although energy bars can help during sporting events by slowing down the
feeling of fatigue and improving performance [14,16], the organoleptic sensations they can
provoke may allow the food to be accepted or rejected [18,56,57]. Indeed, the sensations
generated by the texture and organoleptic characteristics of foods can vary a large amount
from one person to another [58]. Nevertheless, in the present study, 70% of the cyclists
almost homogeneously identified the same textures in each bar. They described the AP bar
as being pasty, sticky, and soft and the EX bar as being lumpy, hard, and sticky, coinciding
with the characteristics described by the manufacturers. The different perceptions of
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texture were usually because of the varying ingredients used in the bars [59] and the
characteristics described for each one by the athletes seemed to fit with the sensations their
main ingredients—date paste (AP bar) or oat flakes (EX bar)—might provoke. However,
despite the different perceived textures that, in turn modified the chewing process, the
satisfaction was not significantly different between the bars. Nonetheless, consistent with
its drier and harder texture, there was a slight trend disfavouring the EX bar because it
was harder to chew and swallow, it had to be accompanied by more water, and the athletes
disliked its texture. Hence, it seems that the EX bar was not strongly evaluated in terms of
their utility, thereby confirming that texture can be decisive when choosing products.

As practical implications, this study highlights the importance of analysing the textures
of ergogenic aids and how these aids can alter the chewing process. Optimal nutritional
planning in cycling should not only guarantee that athletes eat nutritious food but also that
they consume it in the shortest time and less effort possible. Therefore, the organoleptic
aspects such as a viscous and sticky texture or harder, compact, and drier seems espe-
cially important.

It is also worth noting that this present study had some limitations. The short time
spent in each section for the ingestion of the bar or the restricted pedalling intensity could
be identified as limitations when analysing some of the variables in the study. However,
because of the scarcity of previous studies in this area, we designed a simple and controlled
protocol for this current work. In this sense, future studies could consider increasing the
duration or intensity of the test while consuming nutritional supplements. Future work
could also assess possible GI discomfort and how long it takes for these symptoms to
appear after ingestion or could perform the tests in more natural environments that more
closely resemble the reality of competitive cycling. Furthermore, even though the sample
size was enough to detect large effect sizes, it would be interesting in the future to replicate
the study in a much larger sample. In this line, due to time and logistics issues, only two
women were included in this study; however, future lines of research should compare the
variables studied here between men and women, due to the metabolic and biomechanical
differences that exist between both sexes [60,61]. On the other hand, the flavour difference
between the two bars could be a confound variable in their oral processing and perception
by the participants. During food oral processing, the compounds responsible for food
flavour and taste are released, leading to the perception of food organoleptic properties,
as well as significantly contributing to the consumer’s acceptability of the product [62]. It
would have been ideal to have a uniform or similar flavour between the bars, and it would
be interesting to take it into account in future lines of research.

5. Conclusions

The results of this study allowed us to conclude that different textures can alter the
chewing process; the bar with the more viscous texture required fewer chews and a shorter
oral processing duration than the one with a harder texture. However, these oral processing
differences did not influence the pedalling intensity of the cyclists or their perception of
satisfaction while consuming the bars. The participants were also able to identify and
distinguish the different textures of the bars while pedalling.
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