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Carbohydrate (CHO) gels are a staple among endurance athletes. When ingested during competition, CHO gels can improve
endurance performance by acting as an external energy substrate, sparing endogenous glycogen, mitigating the risk of
hypoglycemia, and engaging the central nervous system via receptors in the mouth and gastrointestinal tract. However,
published studies and a growing number of anecdotal reports have raised concerns about possible energy and macronutrient
deficiencies in several products. We therefore performed a content analysis on CHO gels from Gu Energy, Honey Stinger, Hüma,
Maurten, Näak, Precision Fuel, Science in Sport, and Spring Energy. On average, products contained significantly less energy
than stated on the labels (n = 8, p = .047, large effect) but with no discrepancy in CHO content (n = 8, p = .219, medium effect).
Bland–Altman analyses revealed a systematic bias toward less energy and CHO in measured samples relative to the label-derived
nutritional information. Moreover, the Spring Energy product fell outside the 95% limits of agreement for both energy and CHO,
containing ∼71% less energy (53 vs. 180 kcal) and ∼72% less CHO (12.5 vs. 45 g) than stated on the label. A follow-up analysis
revealed similar discrepancies in several Spring Energy products from multiple lots. These findings have performance, clinical,
and legal implications.
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Levine et al. (1924) were the first to describe the ergogenic
effects of carbohydrate (CHO) supplementation, observing faster
finish times and lower prevalence of hypoglycemia in runners of
the 1924 Boston Marathon who consumed confectionery during
the race. In the century since this pioneering work, research on
CHO ingestion during exercise has proliferated. The search term
“carbohydrate AND supplementation” now returns ∼30,000 arti-
cles on PubMed, including numerous expert statements and posi-
tion stands that reference precise CHO doses, timings, and
formulations (Burke et al., 2011; Jeukendrup, 2014; Kerksick
et al., 2017; Rodriguez et al., 2009; Tiller et al., 2019). CHO-rich
sports foods have become an established and integral component of
endurance performance.

Carbohydrate sports drinks were introduced to the market in
the 1960s and 1970s to address the problem of dehydration and
energy depletion in team sports players. Energy gels emerged
shortly thereafter and have become one of the most popular sports
foods among athletes (Baur & Saunders, 2021). Gels are portable,
easy to store, and provide CHO in precise quantities that are rapidly
absorbed across the intestinal epithelium. CHO gels thus enable
athletes to follow predefined fueling strategies and are a convenient
CHO source for diabetic patients who need to stabilize blood
glucose during bouts of hypoglycemia (Juvenile Diabetes
Research Foundation, 2022; Mayo Clinic, 2024).

Given their popularity and broad application, it is vital that
CHO gels provide the energy and macronutrient amounts stated in
their nutritional information. However, data on various sports

foods and supplement brands reveal frequent inconsistencies in
nutrient composition. For instance, a cross-sectional study of
protein bars, powders, and drinks found considerable energy and
macronutrient discrepancies between products and their labels,
with protein in particular at approximately half the stated amount
(Aly et al., 2023). Another study on whey protein supplements
found the energy content was significantly higher and the protein
content significantly lower than stated in the nutritional information
(Zapata-Muriel et al., 2022). Absent or unenforced regulations on
dietary supplements and a general lack of quality control have also
been blamed for the variable and unpredictable contents of supple-
ments containing ecdysterone (Ambrosio et al., 2020), fish oils
(Albert et al., 2015), vitamin D (LeBlanc et al., 2013), selenium
(Veatch et al., 2005), and ephedra (Gurley et al., 2000), among
others. Although United States, Canadian, and European regula-
tions allow macro- and micronutrients to be 20% above or below
the declared amounts, depending on the nutrient (e.g., Center for
Food Safety and Applied Nutrition, 2024), many of the above
studies observed values considerably outside the acceptable range.

There are also anecdotal reports in the media that have raised
concerns over the nutrient contents of CHO gels andwith one brand
in particular (Burgess & Ohm, 2024). Not only did athletes
complain of fluctuating energy levels when using the product
during exercise, but they also noted lower-than-expected satiety
with regular consumption (i.e., they could consume twice as many
gels as usual) and that the gel’s viscosity and taste did not match
their expectations based on the purported CHO content. And while
personal experiences do not constitute scientific evidence, when
interpreted appropriately, anecdotes can offer insights into real-world
problems and guide hypothesis generation for scientific research.

Based on the available data, we performed a content analysis
on a number of commercially available CHO gels to compare the
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measured energy and macronutrients to the label-derived nutri-
tional information. To our knowledge, this issue has not been
addressed in any peer-reviewed analysis, yet, content discrepan-
cies, should they exist, would have profound performance, clinical,
and legal implications. We hypothesized that at least one of the
eight brands of CHO gel would deviate from the stated energy or
macronutrient content by more than 20%.

Methods

Content Analysis

We performed a primary and secondary content analysis on
commercially available CHO gels between March and May 2024.

In the primary analysis, CHO gels from eight brands were
selected based on their widespread use in competition and per-
ceived popularity among athletes: Gu Energy, Honey Stinger,
Hüma, Maurten 100, Näak, Precision Fuel, Science in Sport, and
Spring Energy (see Table 1 for product characteristics). Samples
were sent to an independent, Food and Drug Administration-
accredited facility (Anresco Laboratories) to undergo content
analysis via high-pressure liquid chromatography with tandem
mass spectrometry. The analysis comprised duplicate measures
of the weight of the recovered sample (i.e., all that could be
extracted from the package) and its measured energy and macro-
nutrient content (i.e., CHO, protein, and fat).

Results from the primary analysis revealed considerable dis-
crepancies in the measured versus labeled contents of Spring
Energy’s Awesome Sauce. We therefore performed a secondary
analysis on three of their products: Awesome Sauce, Hill Aid, and
Canaberry. Samples were sent to three independent laboratories
(Anresco Laboratories; Normec Abiolab; RL Food Testing Labo-
ratories) to undergo energy, macronutrient, and sodium content
analyses. In total, nine different Spring Energy gels from seven lots
were tested, and one gel from the same lot was tested in triplicate at
two labs. All laboratories were accredited by regional bodies and
used similar analytical methods.

Data Analysis

Within-trial reproducibility of the primary lab analysis was calcu-
lated using a concordance correlation coefficient based on dupli-
cate measurements, where a concordance correlation coefficient of
1.0 indicated perfect agreement (accuracy and precision). The
Shapiro–Wilk test showed a significant departure from normality
for all measures. Accordingly, the weight, energy content, and
macronutrient content for the primary (n = 8) and secondary anal-
ysis (n = 9) were compared with product labels using a Wilcoxon
Signed-Rank test (alpha = .05), with effect size estimates using
the rank-biserial correlation (r < .1 = no effect, .1 = small effect,
.3 = medium effect, .5 = large effect). Absolute and percentage
differences were reported as median ± interquartile range. Bland–
Altman plots were used to identify systematic differences
(i.e., fixed bias) between measured and label-derived values and
to detect possible outliers.

Results

Table 1 and Figure 1 show the measured versus label-derived
weight, energy, and CHO contents from the primary analysis.
Within-trial reproducibility was near perfect, with minimal varia-
tion: concordance correlation coefficient was >.999 for sample

weight, calories, CHOs, protein, and fat. Figure 2 shows the Bland–
Altman plots of agreement between measured and label-derived
values.

Weight

The purported weights ranged from 31 to 153 g per serving.
Overall, the measured weight was not significantly different from
that stated on the product label (difference = −0.5 ± 2.8 g, p = .109,
r = .57). However, the Bland–Altman analysis revealed a system-
atic bias toward higher values on the labels (Figure 2).

Energy

The purported energy contents ranged from 100 to 360 kcal per
serving. Overall, there was a large and significant difference
between the measured energy content and values stated on the
labels (difference = −6.3 ± 16.8 kcal, p = .047, r = −.75). The
Bland–Altman analysis revealed a systematic bias toward higher
values on the product labels (Figure 2). The energy content was
within 20% of the label in 7/8 brands (range 0%–12%). However,
Spring Energy’s Awesome Sauce was outside the 95% limits of
agreement, containing 71% less energy than stated on the label
(53.0 vs. 180.0 kcal; Figure 1 and 2, Table 1).

Macronutrients

The purported CHO content ranged from 22 to 90 g per serving.
Overall, the CHO content was not significantly different from
values stated on the labels (difference = −0.6 ± 4.4, p = .219,
r = −.46). However, the Bland–Altman analysis revealed a system-
atic bias toward higher values on the labels (Figure 2). CHO values
were within 20% of the label in 7/8 brands (range 0%–15%).
However, Spring Energy’s Awesome Sauce was outside the 95%
limits of agreement, containing 72% less CHO than stated on the
label (12.5 vs. 45.0 g) (Figure 1 and 2; Table 1). The measured
protein and fat content across all brands was low (0–2.0 g), except
for Näak’s Apple and Maple Syrup, which exhibited a measured
versus stated protein content of 4.4 g versus 5.0 g, and fat content of
7.9 g versus 8.9 g, respectively.

Secondary Analysis

Three products from Spring Energy—Awesome Sauce, Hill Aid,
and Canaberry—underwent additional content analyses. The re-
sults are shown in Table 2. Overall, there was a large and significant
difference between the measured content of Spring Energy pro-
ducts and values stated on the labels, both in terms of energy
(difference = −94.5 ± 48.6 kcal, p = .004, r = −.96) and CHO
(difference = −28.9 ± 22.5 g, p = .004, r = −.96). On an individual
basis, all Spring Energy products (9/9) had less energy (range
57%–71%) and CHO (range 43%–72%) than stated. Two samples
of Spring Energy’s Awesome Sauce were analyzed for sodium
content. Relative to the purported value of 85 mg, the first sample
exhibited a 74% shortfall (22 mg) and the second an 84% short-
fall (13.9 mg).

Discussion

Most expert panels at prominent sports science and medicine
organizations agree that CHO ingestion during endurance compe-
tition has the potential to delay fatigue onset via a range of
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mechanisms, including glycogen sparing, maintaining plasma
glucose levels, and engaging the central nervous system via
receptors in the mouth and gastrointestinal tract (Jeukendrup,
2014; Kerksick et al., 2017; Rodriguez et al., 2009; Tiller et al.,
2019). Because CHO gels are portable and convenient, many
endurance athletes have come to rely on them to meet their target
CHO intakes (Baur & Saunders, 2021). Our analysis revealed a
systematic bias toward lower energy and CHO content in a range of
popular brands of CHO gel relative to expected values based on
their nutritional information. In particular, there were large dis-
crepancies in the energy, CHO, and sodium contents of the Spring
Energy Awesome Sauce analyzed in this study, with a follow-up
analysis revealing similar discrepancies in several of their products
from multiple lots. Such shortfalls could have profound implica-
tions on health and performance.

In practical terms, an athlete following an hourly fueling
strategy of 2 × 54 g servings of Spring Energy’s Awesome Sauce
would expect to ingest 90 g of CHO and 360 kcal. This would meet
the recommended CHO intake for competitive marathon running
(Burke et al., 2011) and the recommended energy intake for single-
stage ultra-marathon (Tiller et al., 2019). However, our analysis
indicates that such a fueling strategy could provide just 30 g of
CHO and 144 kcal. Such a gross mismatch between the athlete’s
perceived and actual intake would likely predispose to early
glycogen depletion, hasten fatigue onset, and reduce performance.
Our findings likely explain anecdotal reports of low energy and
satiety when using the product in early 2024 (Burgess&Ohm, 2024).

Insufficient CHO intake during competition may also increase
the athlete’s risk of exercise-induced hypoglycemia (plasma
glucose < 135 mmol/L). Episodes of hypoglycemia can occur in
endurance sports (Bowler et al., 2023) and, if not appropriately
managed, can lead to cognitive decline, syncope, and serious health
complications. The risks of severe outcomes may be considerably
greater at endurance events contested in remote locations (e.g., in
the mountains) where the environment can impede prompt medical
aid and at ultra-endurance events where contestants may exercise
for prolonged periods in relative isolation.

There is also the question of whether low energy and/or CHO
intake during training and racing may precipitate poor long-term
health. Relative energy deficiency in sport results from a chronic

energy imbalance, impairing physiological function in multiple
body systems (Dave & Fisher, 2022). Furthermore, low CHO
intake during exercise has been shown to increase circulating
stress hormones (e.g., cortisol), causing disturbances in several
indices of immune function (Gleeson et al., 1998). Thus, by
inadvertently underconsuming energy and CHO during exercise,
athletes may increase their susceptibility to overtraining-related
injury and illness.

In our secondary analysis, two samples of Spring Energy’s
Awesome Sauce were also assessed for sodium content. Being the
most abundant electrolyte in sweat, sodium is usually included in
energy and hydration supplements due to its essential role in fluid
retention, nerve conduction, and facilitating glucose transport
against a negative intracellular gradient (Sano et al., 2020). Two
servings of Awesome Sauce were purported to provide 170 mg of
sodium—approximately 50% of the sodium recommendations for
prolonged exercise or exercise in hot/humid environments
(Kerksick et al., 2018). Our analysis revealed a 74%–84% discrep-
ancy between the content of the lots we tested and their label-
derived amounts, such that two servings would provide just
28–44 mg/hr. Adequate sodium intake can mitigate (though not
eliminate) the drop in plasma sodium concentration during pro-
longed exercise thereby reducing the risk of exercise-associated
hyponatremia (Veniamakis et al., 2022). The opposite is also true:
insufficient sodium intake congruent with inappropriate fluid con-
sumption likely predisposes to hyponatremia, further reiterating the
potential harm of a mismatch between perceived and actual intakes.

Consumers are protected by international labeling laws. In the
United States, these are defined by Title 21 of the Code of Federal
Regulation which comprises two key statutes: (a) the Federal Food,
Drug, and Cosmetic Act, enforced by the Food and Drug Admin-
istration, concerning labeling and overall safety of food, drugs, and
cosmetics and (b) the Federal Trade Commission Act, enforced by
the Federal Trade Commission, which prohibits unfair or deceptive
practices in commerce, including false advertising. Of the brands
we tested, 7/8 complied with these labeling regulations, and 6/8
delivered energy and CHO within 5% of the labeled amounts
(Table 1). Näak’s Apple and Maple Syrup was the only product
besides Spring Energy that was notably below the stated amounts,
containing 12% less energy and 15% less CHO than they stated.

Figure 1 — Actual energy and carbohydrate content from the laboratory analysis as a percentage of values declared on the label. The shaded area
represents the 20% upper and lower limits permitted by United States, Canadian, and European governing bodies. ▪ = Energy; ○ = Carbohydrates.
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This may be partly explained by the product’s rigid mouthpiece and
cap, which make it more difficult to recover the entire sample from
the container. Manifestly, brands can adhere to federal regulations
and still fail to provide energy and nutrients in the stated amount.
Athletes must be cognizant of this and take practical steps to
account for it in their race preparations. If concerned about the
content of a product, athletes should consider diarizing their satiety
and energy levels during training and racing, monitoring their
blood glucose concentrations with a point-of-care handheld device,
and assessing their CHO oxidation rates in a lab, should they have
the means.

The reason(s) for the large nutrient shortfall in Spring Energy’s
products was not clear at first. We are confident it was not the result
of a smaller quantity of recovered samples in our analysis since the
difference was minimal (within 5%). Moreover, we observed
shortfalls in all measured characteristics—energy, CHO, and
sodium—suggesting an issue with the product’s core formulation.
Since our analyses, our deductions were confirmed in a statement
by Spring Energy in which they acknowledged a problem with the
formulation and attributed the issue to (a) the rice cooking method
that allowed “too much room for variation in the final product,” and
(b) the apple sauce supply that had “higher levels of inconsistency
than expected,” ultimately leading to batches that were “overly
diluted.” The company has since reformulated its product line
(Spring Energy, 2024). Their Awesome Sauce now purportedly
contains 180 calories, 28 g of CHO, 7 g of fat, and 1 g of protein.

There are several limitations to this analysis. Due to limited
funding, we only tested eight brands of CHO gel from over 20
available worldwide, each with different formulations catering to
different needs. We selected brands based on their popularity with
athletes and coaches. Moreover, for each brand, we tested only one
product from each lot (except for Spring Energy, on which we
conducted a secondary analysis comprising three products and
multiple lots). We urge caution before extrapolating too broadly
from the primary analysis.

Readers may also have noted a measurement discrepancy from
Table 2, where Spring Energy’s Awesome Sauce lot numbers
SSNASO20724A and SSNASO40424A exhibited similar CHO
(12.5 vs. 14.0 g) but markedly different calories (53 vs. 86 kcal,
respectively). The laboratory measured 3.2 g of fat in the second
sample, even though the product is listed as being fat free (0.0 g).
The company makes other products/flavors that contain small
amounts of fat (e.g., its Canaberry Smoothie Gel contains 3.0 g
of fat, presumably from the coconut oil in its ingredients list). Thus,
the most likely explanation is the inadvertent contamination of the
second Awesome Sauce lot. This is not a new problem in sport.
Dietary supplement contamination is widespread (Geyer et al.,
2008, 2008), attributed to poor manufacturing practices and, in
some cases, deliberate product adulteration (Maughan, 2005). Our
findings underscore the critical need for athletes to remain vigilant
and well-informed about the supplements they consume, carefully
evaluating product quality and authenticity.

In conclusion, this is the first published content analysis of
commercially available CHO gels. Seven of the eight brands we
tested had energy and macronutrient contents within 15% of the
labeled amounts, thus conforming to federal regulations. However,
three products from one brand were considerably outside the
acceptable limits for energy and CHO. The product has since been
reformulated, but our data serve as a cautionary tale for athletes to
take more ownership of the sports products they consume. We urge
product manufacturers to pay close attention to their production
values and quality control.
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Nontechnical Summary

In 1924, researchers discovered that runners at the Boston Mara-
thon ran considerably quicker when they consumed carbohydrate
(CHO)-based confectionary products during the race. In the cen-
tury since this study, CHO supplements have been extensively
researched and highly commercialized, with drinks, gels, and
candies marketed to athletes around the world.

Carbohydrates are among the few products in the lucrative
world of dietary supplements that are supported by scientific
evidence. Eating or drinking CHO during endurance exercise may
improve performance by providing the body with energy, sparing
the body’s internal CHO stores, and helping to maintain blood
sugar levels. Of all CHO supplements, gels are among the most
popular. These semiliquid substances are usually made of simple
sugars. They are portable, easy to store, and contain CHO in
premeasured amounts, making it easy for athletes to fuel on the
go.What’s more, people with diabetes—a medical condition where
the body has trouble controlling blood sugar levels—sometimes
use CHO gels when their blood sugar gets too low.

However, there is growing concern that various sports foods
and supplements may not contain the nutrients they claim,
prompted by various studies and an increasing number of athlete
testimonials. For instance, research on whey protein bars and
powders, fish oils, and vitamin D, among many other supplements
reveals considerable shortfalls in the products’ measured versus
stated amounts—far outside the acceptable range stated by United
States, Canadian, and European regulators. With CHO gels, ath-
letes have voiced their concerns about one brand in particular,
complaining of fluctuating energy levels when using the product
during exercise, noting lower-than-expected feelings of fullness
with regular consumption, and an unexpected consistency and
taste relative to the ingredient profile. If shortfalls in commercial
CHO gels exist, it could have major implications on health and
performance.

To provide clarity on this issue, we selected eight brands of
CHO gel that we perceived to be among the most popular with
athletes and sent them to an accredited laboratory to have their
contents analyzed. The brands were Gu Energy, Honey Stinger,
Hüma, Maurten 100, Näak, Precision Fuel, Science in Sport, and
Spring Energy. The lab used a technique called high-pressure
liquid chromatography with tandem mass spectrometry, whereby
each gel was separated into its various components (e.g., CHO,
proteins, and fats), and the specific number of molecules identified

based on their mass. The technique allowed us to accurately
determine each gel’s total CHO and energy content.

On average, the eight brands of CHO gel weighed the same as
expected based on the product label, and there was no overall
(average) difference in stated versus actual CHO content. The
measured energy content, however, was significantly lower than
stated. Of course, looking at the results overall doesn’t allow us to
identify outliers in the data. When we assessed gels individually,
we found that nearly all of the products (7/8) had energy and CHO
values within 20% of that stated on the label, thus conforming to
United States, Canadian, and European regulations. However,
Spring Energy’s Awesome Sauce gel was a statistical outlier,
containing 71% less energy than stated on the label (53.0 vs.
180.0 kcal) and 72% less CHO (12.5 vs. 45.0 g).

Due to the large shortfall in energy and CHO, we performed a
follow-up analysis on three Spring Energy products: Awesome
Sauce, Hill Aid, and Canaberry, totaling nine gels from multiple
lots to test if it was an issue isolated to a single batch. We found a
similar trend for all products: compared with the labels, the gels
contained considerably less energy (range 57%–71%), CHO (range
43%–72%), and sodium (74%–84%).

The implications could be profound. Athletes using these
products during exercise would experience a gross mismatch
between their perceived and actual energy and CHO intake. This
could predispose them to early fatigue and low blood sugar and
compromise their performance. By underconsuming sodium,
athletes competing in very long races (e.g., ultramarathon) or
in hot and humid conditions may be at greater risk for low blood
sodium—a potentially fatal medical condition. Lastly, people with
diabetes require precise and consistent information about the CHO
and sugar content of their food. The discrepancy we identified
could have serious consequences for blood sugar control, and we
recommend that individuals avoid products on which they can-
not rely.

Spring Energy has since reformulated its product line, stating
that Awesome Sauce now contains 180 calories, 28 g of CHO, 7 g
of fat, and 1 g of protein. However, our data serve as a cautionary
tale for athletes. We urge them to remain vigilant, carefully
consider the content and quality of their foods and supplements,
and generally take more ownership of their sports nutrition. It is
also a cue for product manufacturers to pay closer attention to their
production values and quality control.
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