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Abstract

This study examined the glucose and insulin response of ingesting a 
novel protein bar using a plant fiber (isomalto-oligosaccharides, IMO) as the 
carbohydrate source. In a randomized and crossover manner, 20 healthy 
men and women (Study 1) donated fasting blood samples prior to ingesting a 
Food Bar (FB) containing 20 g of a whey protein blend, 25 g of carbohydrate 
(13 g IMO, 4 g sugar, 8 g fiber), and 7 g of fat (1.5g saturated) or 25 g of 
dextrose (PLA). The experiment was repeated 7 to 10 days later while ingesting 
the alternative treatment. In study 2, 10 fasted individuals participated in the 
same experiment while ingesting 2 FB’s or 50 g of dextrose. Blood samples 
were taken at 10, 20, 30, 60, 90, and 120min post-ingestion while subjective 
ratings related to appetite and hypoglycemia were obtained at 0, 60 and 120 
min. Data were analyzed by general linear model statistics and are presented 
as mean [95% CI] changes from baseline. Results revealed that the glycemic 
response to ingestion of the FB was significantly lower during the first 60 min 
following ingestion in comparison to the dextrose PLA. The glucose integrated 
AUC (iAUC) change from baseline was significantly lower with FB ingestion 
(Study 1 FB 60 [CI 48, 71], PLA 160 [134, 186], p<0.001; Study 2 FB 65 [49, 
82], PLA 209 [170, 244] mmol-h/L, p<0.001) while no differences were observed 
between treatments in insulin iAUC responses. In comparison to the dextrose 
standard, the FB had an iAUC derived glycemic index (GI) of 34 [CI 23, 46] and a 
Glycemic Load (GL) of 8.5 [CI 5.6, 11.6]. Participants also reported significantly 
less subjective ratings of appetite and hunger and greater satisfaction from food 
and feeling of fullness in both studies. No significant differences over time or 
between treatments were observed in ratings of symptoms of hypoglycemia. 
Results indicate that ingestion of a whey protein bar using IMO as the source 
of carbohydrate elicited a low glycemic response in comparison to a reference 
carbohydrate in healthy individuals. Thus, this FB may serve as a low glycemic 
food option for individuals on a low glycemic diet and/or athletes interested in 
optimizing nutrient availability around exercise. 

Keywords: Energy bars; Glycemic index; Glycemic load; Glycemic 
response to food	

Special Article – Food Safety

Glycemic and Insulinemic Response to Ingestion of a 
Novel Food Bar Containing Whey Protein and Isomalto-
Oligosaccharides
Grubic TJ1, Sowinski R1,2, Dalton R1, Collins PB1, 
Reyes AG1,2, Favot CJ1, Rasmussen C1, Greenwood 
M1,2, Murano PS2, Earnest CP1,3 and Kreider RB1,2*
1Department of Health & Kinesiology, Texas A&M 
University, USA
2Department of Nutrition and Food Sciences, Texas A&M 
University, USA
3Nutrabolt, 3891 S. Traditions Drive, USA

*Corresponding author: Kreider RB, Exercise and 
Sport Nutrition Lab, 118 Human Clinical Research 
Facility, Texas A&M University, College Station, Texas, 
7743-4253 USA

Received: December 20, 2017; Accepted: February 22, 
2018; Published: March 01, 2018

Introduction
Consumers often ingest carbohydrate and protein energy bars in 

between meals as snacks or prior to exercise in order to increase amino 
acid availability and/or maintain blood glucose during exercise [1-4]. 
However, many energy bars or drinks have a relatively high Glycemic 
Index (GI) and therefore may not be not suitable for individuals who 
are glucose intolerant and/or diabetic [3,5]. Additionally, while it is 
recommended that athletes ingest carbohydrate and protein prior to 
exercise [1,4], ingesting foods, gels, and/or beverages that have high 
GI’s may promote hypoglycemia during exercise and thereby hasten 
fatigue [1,3,4,6,7]. For example, we previously reported that ingestion 
of moderate to low GI carbohydrate gel during prolonged cycling 
maintained blood glucose and insulin levels to a greater degree 
than a higher GI gel [7]. Additionally, that adding different types of 
carbohydrate with low to high GI’s to whey protein had differential 
effects on glucose and insulin responses following intense resistance-

exercise [6]. 

Isomalto-oligosaccharides (IMO) are a prebiotic high fiber, low 
calorie source of carbohydrate that has been used as a functional 
food and sweetener in Asia for over 3 decades [8-12]. Basic animal 
studies indicate that IMO’s serve as a soluble dietary fiber and can 
stimulate activity of the probiotic gut flora, improve gut function, and 
help manage cholesterol in animals fed on a high fat diet [8,11,13-15]. 
Given the interest in developing food and energy bars that provide 
quality protein with a low to moderate glycemic profile, we sought to 
determine the glycemic and insulinemic responses of ingesting a whey 
protein food bar with IMO as the source of carbohydrate. Our primary 
outcome was assessment of the glycemic insulinemic responses to 
ingesting this Food Bar (FB). The secondary outcome was assessment 
of how ingestion of this FB affected appetite related variables and 
subjective ratings of hypoglycemic symptoms. We hypothesized 
that ingestion of a mixed ingredient food bar containing IMO would 
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promote a low to moderate glycemic response and positively affect 
perceptions about appetite with no evidence of hypoglycemia.

Methods
Experimental design

This study was conducted with approval by an Institutional 
Review Board (IRB2016-0830D) and was registered with clinicatrials.
gov (#NCT03166514). This study was conducted in two parts at a 
university-based research setting in randomized, counter-balanced, 
and crossover manner. In both studies, the independent variable 
was nutrient intake and dependent variables included blood glucose, 
insulin, and subjective ratings related to appetite and hypoglycemic 
side effects. 

Participants
Apparently healthy men and women between the ages 18–35 

years with a Body Mass Index (BMI) less than 25 kg/m2 were recruited 
to participate in this study. Individuals who expressed interest in 
participating were screened by phone or email to determine if they 

met initial eligibility to participate in this study. Qualified individuals 
were invited to attend a familiarization session in which participants 
received a written and verbal explanation of the study design, testing 
procedures, and read and signed informed consent statements. Those 
giving consent completed personal and medical histories and had 
height, weight, blood pressure, and heart rate determined. There search 
coordinator reviewed medical history forms, physical examination 
measurements, and determined eligibility to participate. Participants 
were excluded from the study if they reported: 1.) any uncontrolled 
metabolic disorders or cardiovascular disorder, including heart 
disease, a history of hypertension, diabetes, thyroid disease, 
hypogonadism; 2.) hepatorenal, musculoskeletal, autoimmune, 
or neurological disease; 3.) they were currently taking prescribed 
medication or dietary supplements for thyroid, hyperlipidemia, 
hypoglycemia, anti-hypertensive, anti-inflammatory, or weight loss 
(e.g. thermogenic compounds) within three months before the start 
of this study; or, 4.) Had any known allergies to some of the nutrients 
contained in the food bar (i.e., almonds, milk, soy, peanuts, tree nuts, 
egg, and wheat). 

Figure 1: Overview of study design. 

Figure 2: CONSORT diagram. 
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Nutritional intervention
In a placebo controlled, counterbalanced, and crossover manner, 

participants ingested a carbohydrate and protein food bar (FB, 
FitJoy™, Nutrabolt, Bryan TX) containing 20 g of a whey protein 
blend, 25 g of carbohydrate (13 g fiber and 4 g of sugar) as IMO 
plant fiber (VitaFiber™, BioNutra North America, Inc. Edmonton, 
Alberta, Canada), and 7g of fat (1.5g saturated) or 25 goof dextrose 
(PLA, Valeant Pharmaceuticals North America LLC, Bridgewater, 
NJ, USA). After a 7 to 10-day washout period, participants repeated 
the experiment while ingesting the remaining nutrient. In Study 
1, participants ingested one Food Bar (FB) containing 220 calories 
and one 25 g serving of the PLA providing 100 calories (i.e., typical 
serving size) while in Study 2 participants ingested two FB’s and two 
25 g servings of the dextrose PLA in order to assess the glycemic 
responses to ingesting a standard oral glucose tolerance test dose (i.e., 
50 g). Participants were given as much time as needed to ingest the 
nutrients but this typically was less than 3-5 minutes. 

Testing sequence
Figure 1 presents the general experimental design employed in 

both studies. For each experiment, participants were instructed to 
refrain from exercise for 24 h and fast for 10 h prior to reporting to the 
lab for testing. Once arriving at the lab, body weight was determined, 
participants completed appetite and hypoglycemia symptom related 
questionnaires, and they donated a fasting blood sample. Participants 
then ingested their assigned nutrient and a timer was started. Blood 
samples were obtained at 10, 20, 30, 60, 90 and 120 min post-ingestion 
while responses to questionnaires were obtained 60 and 120 minutes 
after ingestion of the assigned nutrient. Participants observed a 7 
to 10-day washout period and then repeated the experiment in a 
crossover manner while ingesting the remaining nutrient. 

Procedures
Anthropometrics 

Body weight and height was determined on a Health meter 
Professional Scale model 500KL (Pelstar LLC, Alsip, IL, USA). Heart 
rate was taken at the radial artery and systolic and diastolic blood 
pressure was measured using standard procedures [16]. 

Blood collection procedures
Venous catheters were placed in the participant’s arm using a 

BD Incite Auto guard 20 gauge intravenous (IV) catheter (Becton, 
Dickinson and Company, Franklin Lakes, NJ, USA) using standard 
procedures [17,18]. Blood samples were collected in 8.5 mL BD 
Vacutainer® serum separation tubes (Becton, Dickinson and Company, 
Franklin Lakes, NJ, USA). Samples were left at room temperature 
for 15 min prior to being centrifuged at 3,500 rpm for 10min using 
a refrigerated (4°C) Thermo Scientific Heraeus Mega Fuge 40R 
Centrifuge (Thermo Electron North America LLC, West Palm Beach, 
FL, USA) [19]. Serum was then aliquot into serum storage containers 
(Eppendorf North America, Inc., Hauppauge, NY, USA) and frozen at 
-80°C for subsequent analysis. 

Blood chemistry analysis
Blood glucose was analyzed using a Cobas c111 (Roche Diagnostics, 

Basel, Switzerland) automated clinical chemistry analyzer. Quality 
control was performed daily to determine whether the system 

calibrated to acceptable standards using two levels of controls. Serum 
samples were re-run if values were outside the control values or clinical 
normality. The test-to-test reliability of performing glucose analysis 
was 2.3±0.03% with a coefficient of variation (CV) of 1.1%. Insulin was 
assayed in duplicate by using an Enzyme-Linked Immunosorbent 
Assay (ELISA) kit (ALPCO, Salem, NH) and assaying samples with 
a BioTek ELX-808 Ultramicroplate reader set at an optical density 
of 450 nm with BioTek Gen5 Analysis software (BioTek Instruments 
Inc., Winooski, VT). The intra-assay CV for insulin ranged from 2.9% 
to 6.2%.Glycemic Index (GI) was calculated using the integrated area 
under the curve (iAUC) change from baseline after FB ingestion 
divided by the iAUC of the dextrose PLA control normalized to 100 
[20,21]. Glycemic Load (GL) values were calculated as the product 
of the amount of available carbohydrate in the FB times the GI value 
divided by 100 [20,21].

Appetite and hypoglycemia assessment
Participants were asked to subjectively rate appetite, hunger, 

satisfaction from food, feelings of fullness, and amount of energy 
using a 0 to 10 Likert scale where 0 was none, 2.5 was low, 5 was 
moderate, and 7.5 was high, and 10 was severe. Participants were 
also asked to rank the frequency and severity of their symptoms (i.e., 
hypoglycemia, dizziness, headache, fatigue, stomach upset) using the 
following scale: 0 (none), 1-4 (light), 5-6 (mild), 7-9 (severe), or 10 
(very severe). 

Statistical analysis
Data were analyzed using IBM® SPSS® Version 24 software (IBM 

Corp., Armonk, NY, USA). The sample size was based on prior 
research we conducted that indicated an n-size of 10-20 would yield a 
power of 0.80on changes in glucose and insulin in response to an oral 
glucose challenge [6,7]. Baseline demographic data were analyzed 
using one-way ANOVA. Data were analyzed using univariate, 
multivariate and repeated measures General Linear Models (GLM) 
with and without gender as a covariate. Since no gender interactions 
were observed, we report GLM data without the covariate. Wilks’ 
Lambda multivariate tests are reported to describe overall effects 
of related variables analyzed. Greenhouse-Geisser univariate tests 
with least significant difference post-hoc comparisons are presented 
for individual variables analyzed. Delta changes (post-pre) were 
calculated and analyzed by one-way ANOVA post-hoc analyses. 
Data are reported as mean (SD) and mean change from baseline with 
95% Confidence Intervals (CI). The integrated area under the curve 
(iAUC) was used to calculate overall and net change from baseline 
iAUC values following procedures previously described [22,23]. Data 
were considered statistically significant when the probability of type 
I error was 0.05 or less. Mean changes with 95% CI are completely 
above or below baseline were considered significantly different [24].

Results
Participant demographics

Figure 2 presents a CONSORT diagram for both studies. In study 
1, a total of 31 individuals met initial screening criteria and consented 
to participate in this study. A total of 20 completed the study. In 
Study 2, a total of 10 individuals met initial screening criteria and 
consented to participate in this study. A total of 10 completed the 
study. Table 1 presents participant demographics for the studies. 
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In study 1, participants were 24.3±4.2yr, 73.1±11.4 kg, and had a 
Body Mass Index (BMI) of 22.6±3.2 kg/m2. Men were significantly 
taller, heavier, and had a higher BMI. In study 2, participants were 
26.3±3.2yr, 73.1±11.4 kg, and had a BMI of 21.8±2.0 kg/m2 with men 
weighing more and having a higher BMI. 

Glycemic and insulinemic response
Table 2 presents glucose and insulin data observed by treatment 

and gender in Study 1 and 2 while Figure 3 shows mean responses to 
the treatments over time. Multivariate analysis revealed overall Wilks’ 
Lambda time (p<0.001) and treatment x time (p=0.003) effects in 
study 1 with no gender effects. Univariate analysis revealed significant 
time and treatment x time interactions in glucose responses. Post-
hoc analysis revealed that while blood glucose levels increased in both 
groups, values in the FB treatment were significantly lower than PLA 
responses during the first 60 minutes after ingestion. Insulin levels 
increased over time with no significant differences observed between 
treatments. In study 2, multivariate analysis revealed overall Wilks’ 
Lambda time (p=0.001) and treatment x time (p<0.001) effects. In 

both experiments, glucose and insulin levels peaked 30 minutes 
after ingestion. Figure 4 presents mean changes with 95% CI’s for 
both studies. Glucose generally increased to a greater degree and 
for a longer period of time after ingesting the PLA. Interestingly, FB 
ingestion was only marginally increased from baseline for the first 30 
minutes in Study 1 and 10 minutes in Study 2. 

The overall AUC for glucose was significantly lower in FB 
treatment in Study 1 (FB 599±50, PLA 688±78 mmol-h/L, p<0.001) 
and Study 2 (530±48, PLA 697±67mmol-h/L, p<0.001). Using the 
Study 2 values, the FB GI was 76.7±10 with a GL of 19.2±2.5. No 
significant differences were observed between treatments in the 
overall insulin AUC (Study 1: FB 2,136±1,073, PLA 1,848±971µIU/
mL-h/L, p=0.38; Study 2: FB 4,185±1,934, PLA 3,888±707µIU/mL-
h/L, p=0.65). Figure 5 presents iAUC changes from baseline for 
glucose and insulin. In both studies, the iAUC change from baseline 
was significantly greater after PLA ingestion (Study 1 FB 60 [CI 
48, 71], 160 [134, 186], p<0.001; Study 2 FB 65 [49, 82], 209 [170, 
244] mmol-h/L, p<0.001). No significant differences were observed 

Study 1 Study 2

Male Female Mean p-Level Male Female Mean p-Level

N 10 10 6 4

Age (y) 25.1±3.1 23.5±5.0 24.3±4.2 0.230 26.2±4.2 26.4±3.2 26.3±3.2 0.894

Height (m) 1.63±0.04 1.52±0.05 1.57±0.04 0.001 1.73±0.07 1.70±0.08 1.72±0.08 0.417

Weight (kg) 70.9±4.7 60.6±7.8 73.1±11.4 0.001 76.6±9.0 66.9±12.6† 73.1±11.4 0.001

BMI (kg/m2) 23.6±1.3 21.7±1.7 22.6±3.2 0.001 20.8±1.5 22.8±2.2 21.8±2.0 0.023

Table 1: Participant demographics.

Data are means ± standard deviations (SD).

    

 

Figure 3: Glucose and insulin values observed in Study 1 and Study 2 for the placebo (PLA) and Food Bar (FB) treatments. *represents p<0.05 difference between 
PLA and FB.
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Minutes

Variable Treatment 0 10 20 30 60 90 120 Effect p-Level

St
ud

y 
1

Glucose Time 4.91±0.38 5.63±0.63† 6.29±1.05† 6.56±1.36† 5.36±1.31† 4.7±0.77 4.52±0.40† Time 0.001

(mmol/L) FB 4.90±0.36 5.30±0.54†* 5.67±0.71†* 5.61±0.62†* 4.76±0.71* 4.68±0.49 4.61±0.40† Treatment 0.001

PLA 4.92±0.40 5.79±0.57† 6.92±0.96† 7.51±1.24† 5.96±1.50† 4.71±1.00 4.42±0.39† Treatment x 
Time 0.001

Male 5.01±0.43 5.76±0.56 6.60±0.92 6.94±1.37 5.49±1.38 4.63±0.59 4.61±0.35 Gender 0.021

Female 4.81±0.30 5.32±0.57 5.99±1.10 6.18±1.28 5.23±1.26 4.76±0.94 4.42±0.44

FB M 4.97±0.43 5.49±0.47 5.90±0.45 5.82±0.52 4.97±0.80 4.83±0.46 4.80±0.23 Treatment x 
Gender 0.855

FB F 4.82±0.29 5.11±0.57 5.43±0.85 5.41±0.67 4.54±0.56 4.54±0.49 4.43±0.46 Treatment x 
Time x Gender 0.247

PLA M 5.05±0.45 6.03±0.53 7.29±0.71 8.06±0.95 6.00±1.67 4.44±0.66 4.42±0.35

PLA F 4.80±0.33 5.54±0.51 6.54±1.06 6.96±1.29 5.92±1.40 4.98±1.22 4.42±0.44

Insulin Time 7.38±5.18 14.23±9.94† 25.47±16.96† 29.35±17.96† 18.82±12.94† 10.43±9.11† 6.24±4.42 Time 0.001

(µIU/mL) FB 7.71±4.66 14.03±10.25 27.05±20.32 30.87±20.68 19.92±12.02 12.03±9 7.38±4.95 Treatment 0.453

PLA 7.04±5.76 14.44±9.89 23.89±13.13 27.83±15.17 17.73±14.03 8.83±9.16 5.09±3.59 Treatment x 
Time 0.833

Male 7.87±4.16 15.70±7.95 28.11±13.60 34.24±15.23 19.75±11.91 9.15±8.39 6.13±2.93 Gender 0.001

Female 6.88±6.11 12.77±11.62 22.83±19.77 24.46±19.49 17.90±14.14 11.71±9.83 6.35±5.62 Time x Gender 0.163

FB M 7.38±2.93 15.95±9.94 28.95±16.41 34.23±16.28 22.80±9.46 11.98±10.54 7.60±3.21 Treatment x 
Gender 0.928

FB F 8.05±6.09 12.10±10.71 25.15±24.38 27.51±24.75 17.05±14.04 12.09±7.75 7.17±6.43 Treatment x 
Time x Gender 0.527

PLA M 8.37±5.23 15.44±5.89 27.28±10.93 34.25±15.00 16.71±13.77 6.33±4.44 4.66±1.75

PLA F 5.72±6.22 13.43±13.02 20.51±14.79 21.41±13.00 18.74±14.95 11.32±11.99 5.53±4.87

St
ud

y 
2

Glucose Time 4.39±0.42 5.63±0.63† 6.15±1.63† 5.94±1.81† 5.14±1.30† 4.54±0.86 4.31±0.89 Time 0.001

(mmol/L) FB 4.40±0.42 5.25±0.51†* 4.85±0.87* 4.32±0.79* 4.08±0.38* 4.28±0.49 4.69±0.32 Treatment 0.001

PLA 4.38±0.46 6.02±0.50† 7.44±1.04† 7.57±0.67† 6.19±0.98 4.8±1.08 3.94±1.12 Treatment x 
Time 0.001

Male 4.56±0.38 5.77±0.70 6.39±1.77 6.08±1.84 5.01±1.25 4.59±1.01 4.27±0.76 Gender 0.334

Female 4.14±0.37 5.43±0.48 5.78±1.40 5.74±1.88 5.32±1.44 4.47±0.6 4.38±1.10 Time x Gender 0.337

FB M 4.57±0.36 5.28±0.57 5.06±1.03 4.49±0.94 4.10±0.37 4.41±0.53 4.75±0.28 Treatment x 
Gender 0.675

FB F 4.14±0.40 5.20±0.50 4.53±0.52 4.07±0.49 4.06±0.46 4.08±0.39 4.59±0.40 Treatment x 
Time x Gender 0.697

PLA M 4.54±0.44 6.26±0.42 7.72±1.27 7.66±0.69 5.93±1.13 4.76±1.38 3.79±0.80

PLA F 4.14±0.41 5.65±0.39 7.03±0.42 7.42±0.71 6.58±0.61 4.87±0.52 4.17±1.60

Insulin Time 8.44±5.96 42.50±25.47† 51.84±25.89† 52.10±22.72† 37.51±19.47† 21.87±13.88† 15.18±12.31† Time 0.001

(µIU/mL) FB 7.68±3.01 52.54±31.21 56.69±33.64 52.18±27.96 36.07±20.49 22.67±12.06 16.59±11.47 Treatment 0.509

PLA 9.20±8.05 32.47±13.09 46.99±15.18 52.02±17.55 38.96±19.38 21.07±16.13 13.77±13.56 Treatment x 
Time 0.41

Male 6.49±4.20 43.15±31.86 52.04±30.89 55.14±22.63 31.98±18.20 20±14.47 11.75±6.97 Gender 0.58

Female 11.36±7.25 41.53±12.77 51.54±17.85 47.53±23.59 45.81±19.41 24.67±13.39 20.32±16.87 Time x Gender 0.485

FB M 7.03±3.72 56.84±39.09 58.10±40.62 55.34±25.24 32.82±20.03 18.29±7.49 13.88±5.75 Treatment x 
Gender 0.673

FB F 8.65±1.41 46.08±16.81 54.59±25.22 47.44±35.11 40.94±23.21 29.24±15.71 20.65±17.41 Treatment x 
Time x Gender 0.782

PLA M 5.95±4.92 29.46±15.98 45.99±19.03 54.95±22.13 31.14±18.06 21.71±19.93 9.63±7.94

PLA F 14.07±10.05 36.99±6.56 48.48±9.11 47.62±8.07 50.68±16.65 20.11±10.77 19.99±18.99

Table 2: Glucose and Insulin response to an oral glucose challenge.

Data are means ± Standard Deviations (SD). In study 1, multivariate analysis revealed overall Wilks’ Lambda treatment (p<0.001), time (p<0.001), gender (p=0.072), 
treatment x time (p=0.003), treatment x gender (p=0.554), time x gender (p=0.86), and treatment x time x gender (p=0.548). In study 2, multivariate analysis revealed 
overall Wilks’ Lambda treatment (p<0.001), time (p=0.001), gender (p=0.494), treatment x time (p<0.001), treatment x gender (p=0.866), time x gender (p=0.631), and 
treatment x time x gender (p=0.719). Greenhouse-Geisser univariate p-levels are presented for each variable. 
PLA: Placebo; FB: Food Bar; M: Male; F: Female; GIR: Glucose Insulin Ratio.  † denotes p<0.05  difference from baseline.  *p<0.05 difference between PLA and FB.
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Figure 4: Mean changes with 95% CI’s in glucose (top panel) and insulin (bottom panel) during Study 1 and Study 2 for the placebo (PLA) and Food Bar (FB) 
treatments. Confidence intervals crossing zero are statistically significant (p<0.05). *represents p<0.05 difference between PLA and FB. 

Figure 5: Integrated area under the curve (iAUC) change from baseline for glucose and insulin observed in Study 1 and Study 2 for the placebo (PLA) and Food 
Bar (FB) treatments. *represents p<0.05 difference between PLA and FB. 



Austin J Nutri Food Sci 6(1): id1099 (2018)  - Page - 07

Kreider RB Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

between treatments in insulin iAUC responses (Study 1: FB 1,436 
[1,061, 1,811], PLA 1,302 [1,019, 1,585] µIU/mL-h/L, p=0.55; Study 2: 
FB 1,434 [917, 1,950], PLA 1,236 [842, 1,630] µIU/mL-h/L, p=0.50). 
In comparison to consuming 50 g of dextrosenormalized to 100, the 
FB had an iAUC derived GI of 34 [CI 23, 46] and a GL of 8.5 [CI 5.6, 
11.6]. 

Appetite and hypoglycemia assessment
Table 3 presents responses to eating satisfaction questions. In 

both experiments, participants reported less subjective ratings of 
appetite, hunger, and greater satisfaction from food and feeling of 
fullness. Finally, no significant time, treatment, or time by treatment 
effects were observed in subjective ratings of hypoglycemia, dizziness, 

Minutes

Variable Treatment 0 60 120 Effect p-Level

St
ud

y 
1

Appetite Time 5.77±2.08 4.87±1.90† 5.40±2.18† Time 0.013

FB 6.40±1.82 4.55±1.76† 4.65±2.21†* Treatment 0.001

PLA 5.15±2.18 5.20±2.02 6.15±1.93† Treatment x Time 0.001

Hunger Time 5.63±2.11 4.75±2.16† 5.77±1.92 Time 0.006

FB 5.80±2.46 4.05±2.06†* 4.75±1.83†* Treatment 0.453

PLA 5.45±1.73 5.45±2.06 6.80±1.40† Treatment x Time 0.002

Satisfaction Time 0.53±1.99 5.07±2.38† 4.52±2.08† Time 0.001

FB 0.55±1.76 6.50±1.57†* 5.65±1.50†* Treatment 0.453

PLA 0.50±2.24 3.65±2.21† 3.40±1.98† Treatment x Time 0.013

Fullness Time 2.85±2.08 5.05±2.01† 3.87±2.10† Time 0.001

FB 2.85±2.11 5.85±2.13†* 5.15±1.76†* Treatment 0.453

PLA 2.85±2.11 4.25±1.55† 2.60±1.60 Treatment x Time 0.002

Energy Time 5.72±1.71 6.03±1.63 5.90±1.32 Time 0.420

FB 5.55±1.85 6.30±1.49 6.20±1.40 Treatment 0.077

PLA 5.90±1.59 5.75±1.74 5.60±1.19 Treatment x Time 0.103

St
ud

y 
2

Appetite Time 5.80±2.09 3.85±2.32† 5.10±2.63 Time 0.009

FB 6.00±2.71 2.80±2.39†* 3.60±2.22†* Treatment 0.001

PLA 5.60±1.35 4.90±1.79 6.60±2.17† Treatment x Time 0.020

Hunger Time 6.00±1.97 3.75±2.27† 5.15±2.87† Time 0.002

FB 6.20±2.30 2.50±2.22†* 3.50±2.46†* Treatment 0.453

PLA 5.80±1.69 5.00±1.56 6.80±2.30† Treatment x Time 0.009

Satisfaction Time 0.60±1.43 4.40±2.82† 3.90±2.81 Time 0.001

FB 0.40±1.27 5.00±2.91† 4.90±2.81† Treatment 0.453

PLA 0.80±1.62 3.80±2.74† 2.90±2.56† Treatment x Time 0.145

Fullness Time 1.90±1.83 5.35±0.57† 2.62±3.80† Time 0.001

FB 1.50±1.72 6.50±0.63†* 2.55±5.10†* Treatment 0.453

PLA 2.30±1.95 4.20±0.54† 2.25±2.50 Treatment x Time 0.020

Energy Time 5.85±1.84 6.15±2.23 6.10±1.71 Time 0.632

FB 6.40±1.51 6.90±1.45 6.80±1.32 Treatment 0.077

PLA 5.30±2.06 5.40±2.68 5.40±1.84 Treatment x Time 0.799

Table 3: Eating satisfaction inventory.

Data are means ± Standard Deviations (SD).  In study 1, multivariate analysis revealed overall Wilks’ Lambda treatment (p<0.001), time (p=0.001), and treatment x 
time (p=0.008).   In study 2, multivariate analysis revealed overall Wilks’ Lambda treatment (p<0.122), time (p=0.013), and treatment x time (p=0.424). Greenhouse-
Geisser univariate p-levels are presented for each variable. PLA=Placebo, FB=Food Bar, M=male, F=female.  † denotes p<0.05  difference from baseline.  * p<0.05 
difference between PLA and FB. 

headache, fatigue, or stomach upset. 

Discussion
There is significant interest in developing lowglycemic functional 

foods for consumers trying to maintain healthy blood glucose levels 
as well as athletes who want to consume low glycemic protein bars [1-
4]. However, many protein and energy bars contain large amounts of 
carbohydrate and/or have a relatively high glycemic index, Therefore, 
these products may not be not suitable for individuals who are glucose 
intolerant and/or diabetic [3,5] or for athletes who may be susceptible 
to hypoglycemia [1,3,4,6,7]. Isomalto-oligosaccharides are a prebiotic 
high fiber, low calorie source of carbohydrate that has been used 
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in functional foods primarily in Asia [8-12].  Reports indicate that 
IMO serve as a soluble dietary fiber and prebiotic that can promote 
activity of the probiotic gut flora and improve gut function thereby 
help manage cholesterol [8,11,13-15]. The purpose of this study was 
to determine the glycemic and insulinemic response of ingesting a 
whey protein food bar with IMO as the source of carbohydrate. 
We hypothesized that ingestion of a mixed ingredient food bar 
containing IMO would promote a low to moderate glycemic response 
and positively affect perceptions about appetite with no evidence of 
hypoglycemia.

Results of this study support this contention. In this regard, 
we found that the glycemic and insulinemic response of ingesting 
one and two servings of this FB were much more favorable than 
ingesting equivalent amounts of reference carbohydrate. Analysis of 
iAUC changes from baseline which has been suggested to be a more 
accurate assessment of glycemic response to ingesting food [25,26] 
indicated that the FB study had a low glycemic index (34 [CI 23, 
46]) and glycemic load 8.5 [CI 5.6, 11.6] [25] when normalized to 
the dextrose reference. Glucose levels increased less than 15% from 
fasting values after FB ingestion compared to an increase of up to 
73% with dextrose. Additionally, although the treatments differed 
in energy content and sweetness which influence perceptions about 
appetite, hunger, and satiety [27]; ingestion of the energy/food bar 
also decreased perceptions of appetite and hunger and increased 
feelings of fullness with no symptoms associated with hypoglycemia. 
These findings indicate that the food bar studied may be a good food 
choice for individuals on low glycemic diets and/or trying to manage 
weight [28-35]. 

Interestingly, even though glucose levels were only modestly 
increased following FB ingestion, insulin levels increased in both 
groups with values generally higher following FB ingestion. There are 
several possible reasons for this finding. First, there is some evidence 
that amino acid ingestion can modestly increase insulin levels and 
that ingestion of protein or amino acids with carbohydrate may 
promote a greater effect [36-39]. So, since the FB treatment contained 
20 g of whey protein, this may have contributed to this finding. 
Second, although IMO is a prebiotic, it is a type of oligosaccharide 
that has been reported to stimulate growth of “friendly” bacteria and 
thereby promote activity of the probiotic gut flora and improve gut 
function [11,40-42]. Therefore, it is possible that intestinal absorption 
of glucose was enhanced thereby serving to help maintain blood 
glucose levels to a greater degree while the increased availability of 
amino acids served to stimulate insulin levels. Additional research 
should examine potential mechanisms associated with these findings. 

It is also important to note that changes in blood glucose and 
insulin, macronutrient content of a food, portion size, perceptions 
about sweetness, and energy content of a food affect subjective ratings 
of satiety as well as secretion of appetite-related hormones [43,44]. 
Generally, hypoglycemia stimulates appetite and hunger while 
increases in blood glucose and insulin after consuming food reduce 
appetite and hunger. In this study, perceptions about appetite and 
hunger decreased while satisfaction with food and feelings of fullness 
increased to a greater degree with FB treatment despite blood glucose 
levels increasing by less than 15%. While this may simply be related 
to these other factors [43], it is interesting that these findings were 

observed with only a modest increase in blood glucose. Additional 
research is needed to examine how IMO and foods using IMO as a 
carbohydrate source influence satiety. 

The maintenance of blood glucose while observing a similar or 
greater increase in insulin also has some potential applications for 
individuals involved in exercise training. It is recommended that 
athletes consume low to moderate sources of carbohydrate with 10 to 
20 g of high quality protein prior to intense and prolonged exercise in 
order to maintain blood glucose availability, prevent hypoglycemia, 
minimize exercise induced protein degradation during exercise, and 
stimulate protein synthesis [1,2,4,6]. However most commercially 
available energy/food bars contain large amounts of high glycemic 
carbohydrate and/or low amounts of quality protein which may 
not be optimal for athletes to ingest prior to exercise. Additionally, 
they are typically marketed as in-between meal snacks or meal 
replacements rather than to optimize nutrient availability around 
exercise [45]. The energy/food bar studied contains a low glycemic 
source of carbohydrate (IMO plant fiber) and 20 g of high quality 
whey protein that would provide more than 6 g of Essential Amino 
Acids (EAA). We found that this energy/food bar has a low GI, elicited 
only a modest increase in blood glucose levels, yet promoted a similar 
increase in insulin as compared to a high GI carbohydrate (dextrose). 
Theoretically, this may serve as an optimal pre-exercise source of 
carbohydrate for active individuals because in can provide a more 
sustained release of glucose while stimulating insulin and thereby 
lessening exercise-induced catabolism during exercise [1,2,4,6]. 
Additional research should evaluate whether ingestion of this energy/
food bar prior to, during, and/or following intense exercise can help 
maintain blood glucose level, reduce markers of catabolism, and/or 
promote recovery. 

In conclusion, using IMO as a carbohydrate source in a protein 
energy/food bar promoted a significantly lower glycemic response 
while still stimulating insulin release. The protein/food bar had a 
low glycemic index (34 [CI 23, 46]) and glycemic load 8.5 [CI 5.6, 
11.6] [25] when normalized to the dextrose reference. It also reduced 
perceptions related to appetite with no effect on hypoglycemia 
related symptoms. Thus, this protein/food bar may serve as a low 
glycemic food option for individuals on a low glycemic diet or trying 
to maintain weight and/or athletes interested in optimizing nutrient 
availability around exercise. Additional research should evaluate the 
potential benefits of using IMO as a carbohydrate source in functional 
foods as well as other potential health effects of increasing dietary 
availability of IMO.
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