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Abstract

Highly branched cyclic dextrin (HBCD) is a relatively new carbohydrate
source that has gained much popularity in sports nutrition supplements,
quickly becoming one of the most popular sports and fitness supplements

Published: August 13, globally. Due to its high molecular weight and low osmolality, HBCD is

2021 thought to provide an ergogenic advantage over other carbohydrate
sources via faster gastric emptying and faster absorption. The purpose of

@ ® this brief review is to explore performance claims and implications of
HBCD use. We provide rationale for recommended use based on results
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http://creativecommons Dextrin, is an example of a carbohydrate with a high molecular weight and a low
.org/licenses/by/4.0/ osmolality!. In recent years, HBCD has received much attention as a “unique,
cutting edge” carbohydrate supplement. According to several online supplement
Journal of Exercise and retailers, it is quickly becoming one of the most popular sports and fitness
Nutrition: 2021, Volume supplements in the world, and marketing claims describe HBCD as the “gold
4 (Issue 3): 15 standard” of recovery and petformance drinks?. HBCD is widely being used as a

pre-, intra-, and/or post-wotkout supplement by individuals ranging from
recreational to professional and elite weight lifters, bodybuilders, and endurance
ISSN: 2640-2572 athletes?.
Notably, it has been well-established that prolonged exercise is limited by the
availability of muscle and liver glycogen stores?’. These stores are enhanced with
increased carbohydrate intake3. The rate of glycogen synthesis has also been shown
to be highest in muscles in which glycogen has been heavily depleted®!!. Furthermore, the synthesis of glycogen is
dependent on several factors: glucose transport across the intestinal mucosa and the sarcolemma, as well as on enzymes
responsible for glycogenesis!>. Numerous studies have shown peri-workout carbohydrate supplementation to be
beneficial'3-15. Research has left little doubt about pre-, peri-, and post-exercise carbohydrate supplementation and its
impacts on fatigue attenuation, improved performance, muscle glycogen spating and restoration, as well as supporting
blood glucose maintenance in both males and females. Furthermore, accompanying elevated insulin levels have also
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been shown to increase protein synthesis, decrease recovery time, reduce force sensation, enhance motor skills, and
improve mood, along with peripheral and central nervous system function >-15. The International Society of Sports
Nutrition recommends an intake of ~50 g of carbohydrate 30 to 60 min prior to exercise, 0.7 g of carbohydrate/kg/hr
during prolonged exercise training, and 1 g/kg carbohydrate within 30 min after exercise!S.

Key studies have also shown that fluid balance plays a key role in maintenance of optimal function during activities
that lead to large fluid loss!”. It has been shown that fluid loss of as little as 2% of bodyweight can decrease endurance
performance, and a 4-5% loss of bodyweight can impair physical function!?. Water lost as sweat from the blood as
well as intracellular and interstitial pools can cause reduction in circulatory capacity, cooling, and exercise efficiency!”.
Therefore, drinking fluids during exercise, especially when it is prolonged, is advised for optimal performance and well-
being. Notably, various carbohydrate solutions are often used to replace sweat loss during training or competition!'®.

The narrow size distribution, high solubility in water, low propensity for retrogradation (as other starch molecules
realign themselves causing the liquid to gel when the solution is cooled or left at a lower temperature long enough),
and lack of taste and smell all add to the suitability of HBCD as an ergogenic sports drink compared to other
carbohydrate supplements. Performance claims of HBCD include the ability to help boost exercise endurance,
accelerate performance, kick-start recovery post-workout, and circumvent cramping. Nutrient claims include that
HBCD can be used to help reach a demanding high-carbohydrate intake for the day, enhance nutrient absorption,
enhance muscle nutrient delivery, and help optimize glycogen repletion. Therein, the purpose of this short review is to
explore performance claims and implications of HBCD use. This review begins with a discussion of the structure and
manufacture of HBCD. This is followed by a discussion of scientific studies of HBCD in both animal models and in
humans.

Structure

HBCD is a branched cyclic oligosaccharide with structural units consisting of a-D-glucose monomers (Figure 1). Its
molecular weight ranges from 30,000 to 1,000,000 g/mol, and its mean molecular mass is 160,000 Da. HBCD
molecules contains short linear chains of a-(1,4) linked glucose units with branching via «-(1,6) glucosidic bonds. The
cyclic alpha glucan moiety of the cyclic dextrin is linked to the adjacent branched cluster via an «-(1,6) glucosidic bond.
The cyclic portion of the HBCD molecules consists of 16 to 100 a-linked glucose units. The empirical formula of
HBCD is (CsH10Os)q similar to glycogen!.

Figure 1. Structure of HBCD. Adapted from FDA GRAS™.
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The manufacture of HBCD begins with unmodified food starch from waxy corn, predominantly in amylopectin form.
The starch is then enzymatically hydrolyzed with a-amylase derived from the bacteria Bacillus subtilis. This results in
clustered oligosaccharides of short linear a-(1,4) glucose chains interlinked via a-(1,6) bonds. The second enzymatic
step is carried out by 1,4-a-D-glucan branching enzyme from Bacillus stearothermophilus, which leads to cyclization via
intramolecular transglycosylation. The partially degraded maize starch is a white, odotless powder!.

Safety Evaluation and Toleration

HBCD has been on the market in Japan since 200219, To expand its marketability outside of Japan, HBCD was
investigated for digestibility and potential toxicity!®. I vitro, it was readily hydrolyzed to maltose and maltotriose by
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human salivary amylases and porcine pancreatic a-amylases. Incubation of HBCD with a rat intestinal homogenate
containing digestive enzymes resulted in the formation of maltose, maltotriose, maltoteraose, and glucose when
incubated for a longer petiod, all normal and safe products of carbohydrate digestion!®. In an acute toxicity study, a
single HBCD dose of 2 g/kg bodyweight was orally administered to rats and did not result in mortality, signs or
symptoms of toxicity, or any abnormalities upon autopsy. In an Ames assay (which uses bacteria to test whether a
chemical can cause mutation in the DNA of a test organism), HBCD was shown to be non-mutagenic with or without
metabolic activation. Furthermore, the branching enzyme involved in the synthesis of the molecule was tested for
safety. There was no acute toxicity seen with oral administration of the enzyme to rats, and the enzyme was non-
mutagenic in a mammalian cell model'®. Based on the lack of any safety concerns given that modified food starches
are prevalent constituents of the human diet with a long history of safe use in food and the efficient digestion to
glucose, the FDA granted HBCD GRAS status (indicated for safe and suitable consumption). As of 2010, HBCD has
been excluded from the definition of a food additive and has been available for marketing and sale without
promulgation of a food additive regulation in the United States!.

It is also very important for a sports beverage to be well-tolerated by the stomach and not cause any GI disorders. To
investigate this, a study was conducted where subjects consumed the same meal 3 hours before exercise and were then
given either test fluids based on HBCD, dextrose, glucose, or water as a control immediately before exercise?. Subjects
were asked to assess feelings of flatulence every 5 minutes after consuming the beverage by rating the feeling of
remaining fluid using a 6-point scale, with 5 representing a feeling of 100% of the test fluid remaining in the stomach,
and 0 for no fluid being present; the number of belches was also recorded. The HBCD sports drink was associated
with a lower flatulence value than glucose and dextrose from 15 minutes after ingestion to the end of the study?. The
HBCD-based sports drink also induced the fewest belches, (9 compared to 23 and 24 for glucose and dextrose,
respectively). Therefore, a significant attenuation of GI disorders was suggested as a result of HBCD
supplementation?.

Gastric Emptying Time

Osmolality is the measure of the moles or osmoles of solute per kg of solvent. A low osmolality and low osmotic
pressure gradient can allow for rapid emptying of a solution from the stomach?!. On the other hand, a solution with
high osmolality may delay gastric emptying and delay the release of glucose from the intestine. Importantly, since blood
glucose concentrations depend on the release of glucose to the intestine, transport over the intestinal mucosa in to
blood, and subsequent uptake into the muscle, carbohydrates with a low osmolality may be more effective for providing
energy during exercise and expediting glycogen synthesis post-training?!.

To test this, a randomized, controlled crossover experiment was conducted to compare rates of muscle glycogen
synthesis during the first 2 and 4 hours after the ingestion of two energy-equivalent carbohydrate solutions: with high
or low osmolality?!. Specifically, the high osmolality drink was composed of monomeric and oligomeric glucose units
from maize starch with a molecular mass of 500 g/mol and an osmolality of 350 mOsmol. The low osmolality beverage
was composed of large glucose polymers from potato starch with a molecular mass between 500,000 and 700,000
g/mol and an osmolality of 84 mOsmol. With the diet standardized the day before and the motning of, participants
reported to the lab on two occasions, each time performing a standard exercise routine designed to deplete as many
different types of muscle fibers as possible. The exercise was followed by ingestion of a different beverage each time,
randomly selecting the first condition for each participant. Both drinks contained 300 g of carbohydrates, given as 75
g immediately after and then another 75 g 30-, 60-, and 90-minutes post-exercise. Blood samples and muscle biopsies
showed that the exercise caused a reduction in muscle glycogen content in all participants and that consumption of
both types of carbohydrates significantly elevated the mean muscle glycogen content. However, the mean muscle
glycogen contents were significantly higher after administration of the beverage with the lower osmolality, and the
mean rate of glycogen synthesis was significantly higher, especially during the first hour. There was also no difference
in blood glucose or insulin concentrations, suggesting faster delivery of the lower osmolality carbohydrate solution
from the intestine and faster uptake by the muscle cell?!.

Likewise, HBCD is a carbohydrate known to have a low osmolality (Figure 2). A 10% HBCD solution has an osmotic
pressure of 9 mOsm, compared to 646 for 10% glucose and 117 for dextrin, a common ingredient in sports drinks.
The low osmolality of HBCD has led researchers to evaluate whether this translates into shorter gastric emptying time
(GET)?. Ten participants, both male and female, were randomly administered either water, physiological saline, or a
5% or 10% solution of HBCD, glucose, maltose, or sucrose. The relaxed cross-sectional area of the pylorus antrum
(RCA) was then measured by an ultrasonic echo-image analyzer, which has been reported to be well correlated with
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gastric volume after ingestion of a drink?. The study showed that while GET increased as a function of increased
solution for both HBCD and glucose, the GET for 10% HBCD (26.7 minutes) was significantly less than that of the
comparable 10% glucose solution (39.9 minutes). HBCD also showed a lower GET than maltose and sucrose, although
differences were not significant?2.

Figure 2. Proposed Mechanism of HBCD’s Ergogenic Potential
10% HBCD 10% glucose
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Due to a lower osmolality, HBCD results in a faster GET compared to glucose, thus resulting in faster elevated blood
glucose levels.

Animal Studies

The first studies assessing the ergogenic effect of HBCD on exercise were conducted in animals. For example, to
examine the effects of HBCD on endurance, researchers used an adjustable-current water pool for evaluating
maximum swimming endurance of mice?’. After a preliminary test determined 500 mg/kg to be the optimal
concentration for both glucose and HBCD, a solution of that dosage of either HBCD, glucose, or a water control was
administered to mice 10 minutes before, 10 minutes after, or 30 minutes after the start of swimming. Interestingly,
mice given a glucose solution had a 40% poorer swimming endurance than those given a solution of HBCD. The mice
given HBCD 10 minutes after the beginning of the swim had significantly longer swimming times until fatigue (which
was measured by failure to rise to the surface of the water for breath within 7 seconds, and often resulted in drowning).
The mean swimming times to fatigue for the mice given a water, glucose, or HBCD solution were 65, 68, and 86
minutes, respectively (p<<0.05)23. It is important to note in this study, however, that researchers provided all mice with
a stock diet, and they were fasted for 7 hours before administration of the solutions. In contrast, another study assessed
the effect of HBCD supplementation on swimming endurance in mice under two different dietary conditions?*.
Specifically, mice were first fed a growth-purified diet consisting of ~20% protein, ~10% fat, and ~70% carbohydrate
for three days. Mice were then randomized to either 0.25 mL of a 5% HBCD solution or distilled water (volume-
equated) at 10 minutes after the start of swimming, and the swimming time until fatigue was measured. Subsequently,
the diet for both groups of mice then changed to a low-carbohydrate, high-fat diet (~20% carbohydrate, ~20% protein,
and ~60% fat) for another 3 days, whereby the aforementioned supplementation and swim-to-fatigue protocol as
repeated?®. Notably, swimming time until fatigue was significantly higher in mice administered HBCD compared to
water only when a low-carbohydrate diet was provided. No significant difference in swimming endurance was observed
between the HBCD and control groups when mice were fed a high-carbohydrate diet for three days prior to testing?*.
These data suggest that HBCD may only be ergogenic is conditions of sub-optimal exercise carbohydrate substrate
availability.

Journal of Exercise and Nutrition 4



2021, Volume 4 (Issue 3): 15 @

Human Studies

The first human study evaluating the ergogenic potential of HBCD was conducted in 2014%5. In the study, the effect
of a low dose (15 g) of HBCD was compared with the same dosage of maltodextrin during endurance exercise. In a
double-blind, randomized, crossover experiment, participants (N=24) were administered one test drink on the first
occasion and the other two weeks later. Participants were all healthy males between the ages of 25-39. All participants
refrained from exercise the day before the experiment and consumed the same carbohydrate-rich meal the day before
as well as the morning of the experiment. The exercise protocol was done at 40% VO3 max for 30 minutes, and then
at 60% VO3 max for 90 minutes, and the test beverages were consumed at 1 hour after the start of the exercise?.
During and after the exercise protocol, researchers assessed the rating of perceived exertion (RPE) as well as blood
components associated with energy metabolism. The increase in RPE at 30 and 60 minutes after ingestion was
significantly lower after consuming HBCD than maltodextrin (p<<0.01). There was no difference in blood lactic acid,
non-esterified fatty acids, ketone bodies, or blood insulin concentrations between the two groups. The increase in
blood glucose concentrations at 30 minutes after ingestion was higher after the HBCD beverage than after the
maltodextrin beverage (5.1 + 2.1 mg/dL vs. 2.0 + 1.8 mg/dL), although differences wete not significant®.
Nevertheless, the higher increase in blood glucose concentrations without a difference in insulin concentrations and
the concomitant suppression of RPE elevation during exercise may be a HBCD-mediated extension in glucose-derived
energy, commensurate with a shorter GET.

Another recent study tested the effect of HBCD on swimming endurance performance in elite, male athletes (N=7)%.
Participants consumed an identical meal (60% carbohydrate) on the day before the experiment. On the day of the trial,
in a crossover fashion (at least 1-week inter-trail interval), participants were randomized to receive either 1.5 g
carbohydrate/kg bodyweight (21g/100 ml beverage, ~500 mL) from either glucose or HBCD, or 500 mL of watet
control. Following drink ingestion, participants swam 10 cycles in a swimming flume (counter-current pool). Each
cycle consisted of 5 min swimming at 75% VO,max, followed by 3 min of rest. After the initial 10 cycles, participants
swam at 90% VOzmax until exhaustion, which was defined as being forced to move 1 m back from starting position.
Interestingly, swimming time to exhaustion was almost 70% longer after receiving HBCD compared to glucose or
water (HBCD: 504.4 + 133.3 sec, glucose: 283.7 & 48.3 sec, water: 309.4 £ 73.9 sec, p<<0.05)2¢. This improvement in
endurance was accompanied by significantly higher blood glucose levels at several time points following the HBCD
beverage compared to both glucose and water.

Strenuous exercise has been shown to suppress cellular immunity and potentially enhance host susceptibility to
infections. Alterations in immune function following exhaustive exercise can lead to flu-like symptoms associated with
systemic cytokine release?’, and prevention of these symptoms is important to athletes. Glucose supplements have
been shown to reduce stress hormone levels and cytokine concentrations and to modulate neutrophil counts and
activity’®. To examine whether HBCD supplementation confers the same immunity protection, researchers
investigated 7 triathletes during 2 duathlon races on the same course a month apart in a randomized, double-blind
placebo-controlled cross-over design®. The effects of a 5% HBCD-based drink were compared with those of a 5%
glucose-based drink on stress hormone levels and cytokine responses to the exercise. All participants were prohibited
from taking any vitamins, minerals, herbs, supplements, or medicines affecting immune function the days leading up
to the race. Additionally, participants were fed a standardized, high-carbohydrate breakfast and lunch on the race days.
The test beverages were given before the race, after the first run, during cycling, after cycling, and before the second
run, for a total of 2000 mL for each drink. Blood and urine samples were collected within 10-15 minutes after the race.
In this study, the race time was not significantly different between the HBCD and glucose trials. However, lymphocyte
counts and plasma noradrenaline concentrations increased significantly only after the glucose trial and not after the
HBCD trial. Likewise, urine concentrations and gross excretion amounts of interleukin (IL)-8 (a pro-inflammatory
cytokine) IL-10 (an immunosuppression cytokine associated with trauma), and IL-12 p40 (a pathogen protection
cytokine) increased significantly only after the race in the glucose trial, but not after HBCD?. These results suggest
that HBCD may help maintain blood glucose availability for a relatively long time during exhaustive endurance exercise.
This external energy source may potentially work to spare stress hormone responses, which can have preventative
effects on the body’s stress responses. In fact, it is thought that carbohydrate supplementation during prolonged
and/or intense exetcise is the most effective nutritional intervention to counteract immunodepression due to the
maintenance of blood glucose levels®. Table 1 summarizes the results of the human studies assessing the effects of
HBCD.
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Table 1. Summary of HBCD Human Trials

Article Population Design Supplement Exercise Outcomes
Furuyashiki N= 24  Randomized, = 15g HBCD vs. 40% VOomax for 30  Significantly lower
etal? healthy males = crossover trial =~ 15g minutes, 60%  increase in RPE with
maltodextrin VOymax  for 90 HBCD
minutes
Shiraki et  N=7  male Randomized, ~100 ¢ HBCD | 10 cycles (5 min, 3 min = Significantly longer
al.% elite athletes crossover trial | vs. ~100 g  rest) of swimming at swimming time to
glucose vs. | 75% VOomax, 90%  exhaustion with
water VOymax until = HBCD
exhaustion
Suzuki et N=7  male Randomized, 5% HBCD vs Duathlon race (5 km Significantly lower
al.? triathletes crossover trial | 5% glucose = of running, 40 km of lymphocyte counts,
drink cycling, 5 km of noradrenaline plasma
running) levels, and IL-8, IL-
10, IL-12 p40 urine
concentrations with
HBCD

RPE: rating of perceived exertion

Conclusions

Based on the results of the available studies, HBCD may provide increased performance or endurance compared to
other carbohydrate sources, such as maltodextrin and glucose, especially in conditions of low carbohydrate
feeding?>?6:2. Examples of performance benefits may be a reduction in RPE during strenuous activity and longer
swimming time to exhaustion. However, diets sufficient in carbohydrates may negate any added benefit of HBCD
supplementation. HBCD may also be beneficial to the immune system for endurance and ultra-endurance athletes. In
addition, HBCD may hold greater performance benefits during whole-body exercises with higher glucose demand,
such as swimming.

Due to the limited number of studies on HBCD, further research is necessary. Future studies should include larger
sample sizes, female participants, and different control beverages, such as dextrose, dextrin, and maltodextrin.
Additionally, upcoming investigations should assess HBCD’s ergogenic effects amidst different exercise modalities,
including resistance training. Furthermore, it would be interesting to assess the utility of HBCD in conditions of
intentional carbohydrate depletion or limitation (i.e., bodybuilders, combat athletes, and powetlifters leading into a
competition). It is important to note that due to its high cost, HBCD may not be a very practical supplement for
amateur athletes or recreational exercisers. For example, the average retail price for HBCD is ~$1.17 per 25 g,
compared to ~$0.22 per 25 g of maltodextrin. Conversely, elite or professional athletes may benefit from the increased
performance or endurance shown in some studies. Notwithstanding these caveats, this carbohydrate-based supplement
is only beginning to demonstrate its utility and may prove to hold a more foundational role upon greater empirical
substantiation.
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