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Abstract: Background: The rising popularity of snacks has increased concerns for metabolic health because 
many of these products—often marketed as healthy—are packed with carbohydrates that cause rapid blood 
sugar spikes followed by sharp drops. This cycle can lead to unstable energy levels and unhealthy eating habits. 
Methods: Here, we analyzed the glycemic response to the NotProtein bar, a protein bar formulated with 
Palatinose, and compared it to two of the top-selling snack bars in Chile. Ten healthy adults participated in the 
study, and their blood sugar levels were monitored after consuming portions standardized to contain 25 g of 
available carbohydrates. Results: The findings showed that the NotProtein bar had the most favorable glycemic 
response, with the lowest glycemic load (4.4). Accordingly, the NotProtein bar had a slower glucose absorption 
rate and faster clearance, promoting a more stable and sustained blood sugar response. Conclusions: The 
observed benefits can be attributed to the unique formulation of NotProtein, which combines Palatinose with 
higher levels of protein and fiber. This study underscores the potential of scientifically crafted snacks to 
improve metabolic health, offering a promising solution for those seeking balanced energy and better 
nutritional options in their daily diets. 
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1. Introduction 

Snack consumption has surged in recent years, driven by their convenience and the evolving 
lifestyle patterns of modern populations 1. Consumers often perceive protein bars as a healthy option 
among these products. However, many of these bars contain high levels of sugar that may harm 
health 2. Excessive sugar intake is strongly associated with poor metabolic outcomes 3. Sugary snacks 
can cause rapid spikes in blood sugar levels, followed by a sharp decline, a phenomenon known as a 
“sugar crash”. This sudden drop in energy often triggers cravings and promotes repetitive 
consumption, potentially contributing to unhealthy eating patterns 4. Thus, consuming foods with a 
minimal impact on blood glucose is increasingly recognized as essential for supporting metabolic 
health. 

Snacking is a widespread habit in Chile, with around 25% of individuals reporting food 
consumption during the mid-morning, mid-afternoon, or late evening 5. Furthermore, snacks provide 
over one-quarter of the daily energy intake for children and adolescents in the country 6. Given the 
alarming rise in obesity and diabetes worldwide—including Chile, where more than 70% of the 
population is classified as overweight or obese 7—the food industry faces an urgent need to reimagine 
the composition of widely consumed products such as snacks to align with public health goals. 

Isomaltulose (trade name Palatinose) is a disaccharide composed of glucose and fructose, linked 
by a stable α-1,6 glycosidic bond, which renders it less efficiently digested by intestinal enzymes 
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compared to sucrose (de Souza et al., 2022). This characteristic allows Palatinose to exert a lower 
impact on blood glucose levels, providing metabolic benefits and sustaining energy release over time 
8,9. In Latin America, Palatinose is already used in various sports nutrition products, including energy 
gels and powders 10. 

This brief report evaluated the glycemic impact of the NotProtein bar (herein NotProtein), a 
commercial protein bar formulated with Palatinose to prevent blood sugar spikes, compared to two 
top-selling snack bars in the Chilean market. The findings highlight the potential of innovative 
formulations to support metabolic health through improved snack options. 

2. Materials and Methods  

2.1. Test Foods 

The study evaluated three snack bars currently available in the Chilean market. The NotProtein 
bar was developed by The Not Company. Snack Bar 1 (SB1) was chosen for its popularity as a top-
selling cereal bar, widely marketed as a snack for schoolchildren. Snack Bar 2 (SB2) is one of Chile’s 
leaders in the protein bar category. A glucose solution was used as the control food. Table 1 lists the 
nutritional information of the three bars. 

Table 1. Nutritional information of the snack bars used in this study. Values are per 100 g. 

Constituent (100 g) Snack Bar 1 Snack Bar 2 NotProtein bar 
Energy (kcal) 385 373 303 

Protein (g) 5.2 33.4 35 
Total fat (g) 9.3 9.3 7.7 
Available 

carbohydrates (g) 
71.5 38.9 23.0 

Total sugar (g) 40.1 13.9 5.4 
Fiber (g) 3.4 - 17.0 

2.2. Study Design 

2.2.1. Subjects 

The participants were 10 healthy adults (six females and four males) aged 20 to 54, with body 
mass index (BMI) values between 20 and 24.3 kg/m². Anthropometric measurements, including 
weight and height, were taken using standardized procedures (Amigo et al., 2010). Participants were 
selected based on inclusion criteria that required them to be healthy adults who had maintained a 
stable body weight over the past six months and were not using supplements or medications. 
Individuals were excluded if they had diagnosed medical conditions, allergies, intolerances to the 
test foods, or, in the case of women, a diagnosis of polycystic ovary syndrome. All participants were 
instructed to follow their regular diet throughout the study. Participation was voluntary, and each 
individual provided informed consent before the study began. 

2.2.2. Experimental Procedure 

The study was conducted at the Nutrition Department of the University of Chile and received 
approval from the Ethical Committee of Research in Human Subjects (CEISH, by its Spanish 
acronym) of the School of Medicine, University of Chile. The experimental procedure adhered to the 
ISO 26642:2010 guidelines for determining the glycemic index (GI). 

Participants consumed the equivalent of 25 g of available carbohydrate for each bar, or a control 
sample composed of 25 g of glucose dissolved in 250 mL of water. Capillary blood samples were 
obtained via finger puncture at baseline (0 min, fasting glucose) and at subsequent intervals of 15, 30, 
45, 60, 90, and 120 min after consumption. Blood glucose levels were measured using an Accu-Chek 
Instant glucometer (Roche Diabetes Care Inc., Indiana, US). 
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To ensure accuracy, participants were required to fast overnight (12 h) before the test and 
instructed to avoid alcohol consumption or vigorous physical activity on the morning of the 
assessment.  

2.3. Glycemic Index Calculation 

The incremental area under the curve (iAUC) for each test food was determined geometrically 
using the trapezoidal rule according to the ISO 26642:2010 guidelines 11. Fasting blood glucose levels 
were set as the baseline, and this area was excluded from the calculations. 

The GI for each test food was calculated using Eq. 1: 

𝐺𝐼்௘௦௧ ௙௢௢ௗ =  
௜஺௎஼೅೐ೞ೟ ೑೚೚೏

௜஺௎஼಴೚೙೟ೝ೚೗ ೑೚೚೏
 ×  100 (Eq. 1) 

where iAUCtest food represents the iAUC calculated for each snack bar, and iAUCcontrol food corresponds 
to the iAUC derived from the glucose solution. 

The final GI value for each snack bar was obtained by averaging the GI values calculated 
individually for each of the 10 participants. 

2.4. Glycemic Load Calculation 

The glycemic load (GL) for each test food was determined following the method described by 
Salmerón et al. (1997). The calculation was performed using Eq. 2: 

𝐺𝐿்௘௦௧ ௙௢௢ௗ =
ቀீூ೅೐ೞ೟ ೑೚೚೏ × 

ೌೡೌ೔೗ೌ್೗೐ ೎ೌೝ್೚೓೤೏ೝೌ೟೐

ೄ೐ೝೡ೔೙೒ ೞ೔೥೐
ቁ

ଵ଴଴
  (Eq. 2). 

where GITest food represents the GI of the test food and the available carbohydrates are expressed in 
g/serving. 

2.5. Kinetic and Thermodynamic Analysis 

The kinetic and thermodynamic parameters of the test foods were determined to evaluate the 
foods’ glycemic responses. The analysis included the following parameters: 

2.5.1. Time to Peak  

This is the time between ingestion and the moment when the maximum blood glucose level is 
reached. 

2.5.2. Absorption and Clearance Rates (Rab and Rcl) and Kinetic Constants (kab and kcl) 

𝑅௔௕ =  
஼೛೐ೌೖି஼బ

௧೛೐ೌೖି௧బ
 (Eq. 3) 

𝑅௖௟ =  
஼೑೔೙ೌ೗ି ஼೛೐ೌೖ

௧೑೔೙ೌ೗ ೛೐ೌೖ

 (Eq. 4) 

C0 (mg/dL) is the initial blood glucose concentration, Cpeak is the maximum concentration, and 
Cfinal is the concentration when blood glucose stabilizes at a constant value. Similarly, t0, tpeak, and tfinal 
denote the times associated with the above-mentioned points, measured in minutes. 

Kinetic constants were calculated by dividing the Rab or Rcl by C0. 

2.5.3. Gibbs Free Energy 

The standard Gibbs free energy change (∆G’) was calculated using Eq. 5: 
∆𝐺ᇱ = −𝑅 × 𝑇 × ln (𝐾) (Eq. 5) 

where R is the universal gas constant (8.314 J/mol × K), T is the absolute temperature in Kelvin (310 
K (37 °C)), and K is the equilibrium constant of the process (Eq. 6). 

𝐾 =
௞ೌ್

௞೎೗
 (Eq. 6) 
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2.6. Statistical Analysis 

The data were analyzed using repeated-measures analysis of variance (ANOVA) to evaluate 
variations across the tested foods. Differences in the iAUC, GI, and GL among the snack bars were 
assessed using the Friedman test, followed by Tukey’s post-hoc analysis for pairwise comparisons. 
A p-value < 0.05 was considered statistically significant. 

Additionally, the values in the bar graphs illustrating the results were analyzed using one-way 
ANOVA to determine significant differences among the snack bars, ensuring robust statistical 
validation of the observed trends. 

3. Results  

3.1. Study Design and Participant Characteristics 

The study involved 10 healthy participants (fasting glucose = 88.4 ± 3.8 mg/dL, fasting insulin = 
6.9 ± 2.9 μL U/mL, and homeostatic model assessment for insulin resistance (HOMA-IR) = 1.5 ± 0.6 
pmol × mmol). Each participant consumed an isocarbohydrate portion (25 g total) of the tested bars, 
and the postprandial glycemic response was monitored for 2 h. 

3.2. Glycemic Response and iAUC 

Glycemic response variations were observed across the tested bars (Fig. 1A). The NotProtein bar 
resulted in the smallest increase in blood glucose levels, followed by SB2. By contrast, SB1 elicited the 
highest glycemic response, approaching that of the glucose solution (control). Blood glucose levels 
peaked at 15 min post-consumption for the NotProtein and SB2 samples, whereas SB1 peaked at 30 
min. A decline in glucose levels was noted at 30 min for NotProtein, whereas this decline occurred at 
45 min for SB2. For SB1, glucose levels continuously decreased until 60 min, at which point all bars 
demonstrated similar levels. Thereafter, blood glucose levels remained comparable until the 120 min 
mark, with SB1 exhibiting slightly lower values during this period (Fig. 1A). 
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Figure 1. Postprandial glycemic response to the tested snack bars and glucose control. (a) Blood 
glucose levels (mg/dL) over time (min) after consuming the glucose control, Snack Bar 1, Snack Bar 2, 
and the NotProtein bar. (b) The incremental area under the curve (iAUC) is calculated using the 
glycemic responses in (a). Data are presented as the mean ± SE (n = 10). Different letters indicate 
statistically significant differences (p < 0.05). 

The iAUC analysis revealed that NotProtein elicited the lowest glycemic response, followed by 
SB2 and SB1. However, no significant differences were observed among them (Fig. 1B). 

3.3. Glycemic Index and Glycemic Load 

The GI analysis revealed that SB1 exhibited the highest value (83.7 ± 27.1), whereas NotProtein 
and SB2 indicated 42.9 ± 13.6 and 39.9 ± 12.6, respectively, with no significant differences between the 
latter two (Table 2). Furthermore, NotProtein presented the lowest GL value (4.4), followed by SB2 
(7.0) and SB1 (10.8) (Table 2). 

Table 2. Glycemic index and glycemic load of the snack bars evaluated. 

Parameter Snack Bar 1 Snack Bar 2 NotProtein bar 
Glycemic index 83.7 ± 27.1a 39.9 ±12.6b 42.9 ± 13.6 b 

Available 
carbohydrates/serving (g) 

12.87 17.51 10.35 

Glycemic load 10.8 7.0 4.4 
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3.4. Metabolic Parameters 

The time to reach peak glucose levels varied significantly among the samples. NotProtein 
required the longest time to reach peak glucose levels, in contrast with SB1, SB2, and the glucose 
control, which peaked around 30 min (Fig. 2A). NotProtein exhibited the lowest glucose Rab, similar 
to SB2, whereas SB1 and the glucose control showed the highest Rab (Fig. 2B). By contrast, NotProtein 
had the highest glucose Rcl, comparable to SB2, whereas the lowest Rcl corresponded to the glucose 
control and SB1 (Fig. 2C). 

 
Figure 2. Violin plots showing the effects of different snack bar formulations on key metabolic 
parameters. (a) Time to peak glucose levels (min) after consumption, indicating the duration required 
to reach maximum glucose levels. (b) Glucose absorption rate (Rab, mg/dL/min), representing 
differences in sugar uptake. (c) Glucose clearance rate (Rcl, mg/dL/min), reflecting the dynamics of 
glucose removal. (d) Change in Gibbs free energy (∆G’, kJ/mol), associated with metabolic efficiency. 
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Data are presented for the glucose control, Snack Bar 1, Snack Bar 2, and NotProtein bar groups. 
Significant differences between groups are indicated by different letters (p < 0.05). 

The changes in Gibbs free energy (ΔG’) further underscore the balance in metabolic dynamics. 
NotProtein had a ΔG’ closest to zero, indicating a near-equilibrium state, where the absorption and 
clearance rates are closely aligned (Fig. 2D). On the other hand, SB2 exhibited a more negative ΔG’, 
reflecting a moderate imbalance where absorption slightly exceeded clearance. SB1 and the glucose 
control had significantly negative ΔG’ values compared to NotProtein, but less negative than SB2.  

4. Discussion 

The NotProtein bar exhibited the most favorable glycemic profile among the three bars tested. 
Although no significant differences were observed in GI due to data variability, a subject-by-subject 
analysis revealed a clear trend. The SB1 bar showed the highest GI, aligning with its higher content 
of available carbohydrates compared with the other bars. The GI, which measures the rate at which 
a food raises blood glucose levels, is an inherent characteristic of carbohydrate-rich foods 13. However, 
the GI does not account for the glycemic impact of portion size, for which GL is more informative 14. 
Among the bars, NotProtein had the lowest GL (4.4), followed by SB2 (7.0) and SB1 (10.8), indicating 
that its consumption had a lower and more controlled glycemic impact. 

Several factors influence the glycemic response, including the type and amount of 
carbohydrates, the presence of other nutrients such as proteins, fats, and fiber, and individual 
physiological differences 10,15. The NotProtein bar was formulated to minimize its glycemic impact, 
avoiding the sharp glucose spikes and subsequent crashes commonly associated with sweet snacks. 
To achieve this, Palatinose, a slow-digesting disaccharide that promotes a gradual and sustained rise 
in blood glucose, was used as the primary carbohydrate in the NotProtein bar formulation 16–18. 

Palatinose and sucrose provide approximately 4 kcal/g, yet their metabolism rates differ 
considerably 19. Sucrose, which has an α-1,2 glycosidic bond, is rapidly hydrolyzed by intestinal 
invertase (sucrase) activity (Km ~10 mM; Vmax ~143 μmol/min/mg), releasing glucose and fructose 
for absorption 20,21. By contrast, Palatinose, which has an α-1,6 glycosidic bond, undergoes a slower 
hydrolysis, resulting in a prolonged release of its monosaccharides and avoiding abrupt glucose 
spikes. This slower metabolism is attributed to Palatinose’s higher Km and lower Vmax, supporting its 
classification as a slow-release carbohydrate 22. 

The results show that the ΔG’ of the NotProtein bar is close to zero, which is favorable because 
it indicates the reaction is near equilibrium. This result reflects a balance between the absorption and 
clearance rates, promoting metabolic harmony. By contrast, although SB1 and the glucose control 
have less negative ΔG’ values, closer to that of the NotProtein Bar, their absorption and clearance 
rates exhibit significant differences. This finding suggests that ΔG’ alone is insufficient to fully assess 
the metabolic response and must be interpreted alongside the magnitudes of Rab and Rcl. On the other 
hand, SB2 shows a more negative ΔG’, indicating an imbalance in metabolic rates, with absorption 
outweighing clearance, which may not align with an optimized metabolic objective. This analysis 
underscores the importance of integrating multiple variables for a comprehensive understanding of 
the results. These findings are supported by the data previously reported for Palatinose vs. sucrose, 
suggesting a more stable and efficient metabolic profile for the former, improving postprandial 
glycemia and overall energy balance in the case of the NotProtein Bar, which uses Palatinose in its 
formulation. 

The nutritional composition further contributed to the glycemic impact of the different bars. SB1 
primarily contained wheat flour and sucrose, whereas SB2 incorporated date paste. The GI of these 
ingredients varied significantly, with Palatinose being the lowest (32), followed by date paste (60) 
and sucrose (65) 23. Additionally, the NotProtein bar contained more protein than SB1 (but was 
comparable to SB2) and had the highest fiber content among the bars. Proteins and fiber slow gastric 
emptying and glucose absorption, reducing the glycemic response 24. 

The variability observed in the data emphasized the consistency of NotProtein’s glycemic effect, 
with its glycemic curve remaining nearly flat compared to the curves of the other bars. This behavior 
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was noteworthy because a flatter curve minimizes glucose peaks and troughs, promoting metabolic 
stability 25. 

Finally, the analysis of metabolic parameters highlighted the superior efficiency of NotProtein, 
which exhibited the lowest Rab and the highest Rcl. These findings and its ΔG’ closer to the equilibrium 
underscored NotProtein’s optimal postprandial glucose regulation. This is relevant because repeated 
glucose and insulin spikes are strongly associated with the development of metabolic disorders such 
as type 2 diabetes and obesity. In a global context where such conditions affect a substantial portion 
of the population, products like NotProtein are a tangible example of how scientific innovation can 
drive the creation of functional foods that improve metabolic and energy health. 

5. Conclusions 

This study highlights the potential of NotProtein to address the paradox of traditional snack and 
protein bars, which are often marketed as energy-boosting yet may lead to sugar spikes, subsequent 
energy crashes, and increased cravings. By incorporating Palatinose as its primary carbohydrate, 
NotProtein minimizes blood sugar fluctuations, delivering sustained energy without the abrupt 
peaks and troughs associated with high-sugar snacks. This glycemic stability aligns with consumer 
expectations of satiety, balanced energy levels, and improved overall health. 

The findings demonstrate that NotProtein provides a low glycemic load and supports metabolic 
efficiency, as evidenced by its reduced blood glucose absorption rate, faster glucose clearance, and 
ΔG’ values closer to equilibrium. Such characteristics are fundamental in the context of global public 
health challenges, where the prevalence of conditions like type-2 diabetes and obesity continues to 
rise. By rethinking snack formulations to balance functionality, health, and indulgence, NotProtein 
demonstrates the potential of science-driven innovation to create products that meet consumer needs 
while promoting healthier lifestyles. 
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