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Abstract: Acacia gum (AG) is a non-viscous soluble fiber that is easily incorporated into beverages
and foods. To determine its physiological effects in healthy human subjects, we fed 0, 20, and 40 g
of acacia gum in orange juice along with a bagel and cream cheese after a 12 h fast and compared
satiety, glycemic response, gastrointestinal tolerance, and food intake among treatments. Subjects
(n = 48) reported less hunger and greater fullness at 15 min (p = 0.019 and 0.003, respectively) and
240 min (p = 0.036 and 0.05, respectively) after breakfast with the 40 g fiber treatment. They also
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reported being more satisfied at 15 min (p = 0.011) and less hungry with the 40 g fiber treatment at
30 min (p = 0.012). Subjects reported more bloating, flatulence, and GI rumbling on the 40 g fiber
treatment compared to control, although values for GI tolerance were all low with AG treatment.
No significant differences were found in area under the curve (AUC) or change from baseline for
blood glucose response, although actual blood glucose with 20 g fiber at 30 min was significantly less
than control. Individuals varied greatly in their postprandial glucose response to all treatments. AG
improves satiety response and may lower peak glucose response at certain timepoints, and it is well
tolerated in healthy human subjects. AG can be added to beverages and foods in doses that can help
meet fiber recommendations.
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1. Introduction

Intake of dietary fiber is supported in dietary guidance for its role in reducing blood
glucose and assisting in weight control. Fiber’s ability to lower blood glucose response
plays a role in both prevention and management of Type 2 diabetes (T2D). One large multi-
ethnic study followed 75,000 people for 14 years and found that those who consumed
15g/d or more of dietary fiber were significantly less likely to develop T2D [1]. Eating fiber
may help prevent physiological signs of T2D and promote overall health in those with and
without T2D [2-5].

As of 2016, nearly three-fourths (71.6%) of American adults are either overweight or
obese [6]. Increased satiety, or the feeling of being satisfied after a meal, can prolong the
time between meals and decrease the caloric intake at future meals [7,8]. Increasing dietary
fiber intake may assist in obesity prevention and treatment due to its role in inducing
satiety when consumed. Increased dietary fiber intake also correlates with lower body
Attribution (CC BY) license (https://  Weight, body fat, and prevention of weight gain [7-13].
creativecommons.org/ licenses /by / Dietary fibers have different effects on satiety and blood glucose based on dosage
40/). and physical properties, although few reliable patterns have emerged in research [7,14,15].
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Decreased hunger, increased satiety, and decreased body weight have been demonstrated
in studies using insoluble and soluble, viscous, and non-viscous fibers [7,8,16]. A large
cohort study (n = 34,988) of older women without diabetes found a significant inverse
effect of total dietary fiber (RR = 0.78, p = 0.005 comparing intakes of >23.6 and <15.3 g of
total fiber per day) and insoluble fiber (RR = 0.75, p = 0.0012) consumption on diabetes
risk, whereas soluble fiber showed no significant effect on diabetes risk (p = 0.23) until age-
and energy-adjusted results were compiled (RR = 0.78, p = 0.0046) [17]. A 2017 systematic
review of 12 randomized controlled trials examining effects of isolated soluble fibers
(viscous and non-viscous, and fermentable and non-fermentable) on weight loss found that
soluble fiber decreased body weight, body fat, fasting blood glucose, and fasting insulin
significantly compared to the placebo [18]. No clear relationship has emerged between
solubility, viscosity, molecular weight, or fermentability and strength of effects on appetite-
or blood glucose-related outcomes [19]. Thus, fibers must be evaluated individually to
determine the degree of their satiating properties and their impact on glycemia.

Acacia gum (AG), also known as gum arabic or gum acacia, is a soluble, non-viscous
fiber made from the dried, powdered tree sap of Acacia tree species commonly found in
Africa [20]. AG is often used as a stabilizer, thickening agent, and emulsifier in the food
industry [20], but its effects on blood glucose, satiety, food intake, and weight status in
healthy humans lack clarity. Limited research has shown benefits of AG consumption for
satiety [21] and weight control [22-24] as well as glucose absorption and postprandial blood
glucose response [24,25], although studies on weight control in humans come exclusively
from one lab group [22-24] and studies on blood glucose control used only subjects already
diagnosed with T2D. Overall, human and animal trials show excellent intestinal tolerance
and safety for relatively high levels of AG supplementation. Human trials of AG doses up
to 40g/d for four weeks in healthy adults, 30g/d for 6 weeks in university students and 3
months in adults with type 2 diabetes, and 25g/d AG over 12 weeks in healthy adults and
adults with diabetic nephropathy showed no adverse effects, nor did a trial of 5% dietary
level in rats [22,26-28].

The United States Food and Drug Administration (FDA) has set new requirements
that isolated fibers must have beneficial physiological effects in healthy human subjects,
such as a reduction in postprandial glycemic response, reduced energy intake from food, or
increased subjective satiety, to be classified as “dietary fibers” for the purposes of nutrition
labeling of food [29]. The primary objective of this study was to assess the effect of
supplementation with 20 g or 40 g of AG from Nexira on satiety, including gastrointestinal
tolerance and ad libitum food intake, in healthy human adults with effects on blood glucose
response measured as a secondary objective. Our hypothesis is that AG will show beneficial
physiological outcomes for the stated measurement areas and can qualify for classification
as a dietary fiber by the FDA.

2. Materials & Methods

This study was reviewed by the Human Research Protection Program, IRB, University
of Minnesota. The study was approved on 9 October 2018 and closed on 29 June 2020. The
Assurance of Compliance number is FW A00000312.

All subjects gave their informed consent for inclusion before they participated in
the study. The study was a randomized, double-blind, placebo-controlled, crossover trial
(NCT03716479). Forty-eight subjects (24 men, 24 women) were recruited by flyers placed
around the University of Minnesota campus. Sample size is based on power calculations
(80% power with « = 0.05) calculated from the differences in visual analog scale (VAS)
scores based on expected changes in satiety seen in previous studies in our lab with fiber
treatments [30]. Subjects were screened and enrolled in the study with inclusion criteria:
age 18-65 and a BMI between 18 and 29 kg/m?. Exclusion criteria: distaste for bagels
and cream cheese, orange juice, or cheese pizza; current smoker; restrained eating habits
(score of 11 or higher on a three-factor eating questionnaire [31]); recent weight change;
any history of disease or significant past medical history; are vegetarian; do not normally
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eat breakfast or lunch; and are pregnant or lactating. All subjects were informed of the
study participation requirements and they each signed an informed consent.

In the 24 h prior to each visit, subjects refrained from alcohol consumption and
excessive exercise. Fasted subjects (12 h fasted) arrived at the University of Minnesota
campus by 7:45 am for an 8 am breakfast. The initial visit and all subsequent visits included
baseline anthropometrics prior to the test meal. Fasting blood glucose test must have been
at or below 110 mg/dL prior to beginning the visit day. All visits were held in a quiet
room in which subjects were able to read, use laptops, work quietly, or listen to music.
Visits were scheduled at least 1 week apart. Subjects were randomized to receive each of
three treatments, one per visit. Each treatment meal contains approximately 450 calories,
76 g carbohydrates, 2 g fiber, 13 g protein, and 6 g total fat, not including the AG fiber
nutrient values:

e  Treatment A (Control): 1 plain bagel, 1 oz (28.3 g) of cream cheese, and 8 fl. oz of
orange juice

e  Treatment B: 1 plain bagel, 1 0z (28.3 g) of cream cheese, and 8 fl. oz of orange juice
with 20 g of AG dissolved

e  Treatment C: 1 plain bagel, 1 oz (28.3 g) of cream cheese, and 8 fl. 0z of orange juice
with 40 g of AG dissolved

Computerized visual analog scales (VAS) were utilized to assess hunger, fullness,
and desire to eat at baseline and periodically for four hours following the breakfast meal.
Appetite sensations were rated by VAS at 15, 30, 45, 60, 90, 120, 180, and 240 min after
baseline (Figure 1).

T45 T60 T90 T120 T180 T240  T255

® ® J
Figure 1. Data collection timeline on day of AG supplementation.

Subjects arrived at the test site on the morning after a 12 h fast, which was confirmed
by a blood glucose test reading of <110 mg/dL. Subjects’ baseline blood glucose, satiety,
and gastrointestinal status were assessed immediately prior to Time 0 (noted in the figure
by a dot at Time 0). Immediately after assessment, subjects were given 15 min to consume
the test breakfast meal (time for meal consumption is marked by diagonal lines). Satiety,
gastrointestinal tolerance, palatability, and blood glucose were measured at regular in-
tervals as shown in the figure. Subjects were given an ad libitum cheese pizza lunch at
240 min post-treatment. After 15 min, subjects were dismissed with instructions to keep
a 24-h food log. This procedure was repeated at each of the three AG treatment admin-
istrations until all subjects had competed each of the three treatments. Treatments were
administered one week apart for a total subject time of 6 weeks needed to complete the
three treatments. Gastrointestinal tolerance was measured by subjective scale. GI tolerance
questions assessed gas or bloating, nausea, flatulence, diarrhea or loose stools, constipation,
gastrointestinal rumbling, and gastrointestinal cramping on a Likert-style rating scale
of “none”, “mild”, “moderate”, “quite a lot”, “severe”, “very severe”, or “unbearable”.
Gastrointestinal symptom surveys were completed at baseline, 60, 120, 180, and 240 min,
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12 h and 24 h post-consumption (Figure 1). Treatment palatability ratings for visual appeal,
smell, taste, aftertaste, and overall pleasantness were also assessed at 30 min using a sliding
Likert-style rating scale of “good” to “bad”.

Blood glucose readings were collected at baseline, 30, 60, 120, 180, and 240 min
by trained research assistants using the Bayer Contour Next EZ glucometer and sterile
techniques (Figure 1). The first drop of blood was wiped away and the second drop of
blood was collected for measurement.

Subjects were given an ad libitum cheese pizza lunch at 240 min post-treatment
to assess prospective food intake and impact of AG on hunger/satiety. Subjects were
instructed to “eat until comfortably full”. After 15 min, the remaining pizza was weighed
and energy intakes were calculated.

Subjects were instructed to keep a detailed food record for 24 h following the study
visit. Food records were analyzed with the Nutrition Data System for Research program
(NDSR v.2018) for determination of total calories and other nutrients consumed. Nutri-
ent values for foods reported as consumed that were missing from the NDSR database
were extrapolated via finding the closest nutritional comparison item contained within
the database.

Descriptive statistics were calculated and presented by treatment. Area under the
curve (AUC) for VAS, ad libitum intake, gastrointestinal symptom score, and glucose was
calculated using the trapezoidal rule. Only subjects with complete data were included in
calculation of AUC. Satiety AUC, satiety at each time point, palatability, GI tolerance AUC,
ad libitum calories, glucose AUC, baseline glucose, and change in glucose from time 0 to
each time point were compared across the 3 treatments using mixed-effects models. Models
included fixed effects of sequence, period, and treatment and a random effect of subject
(nested within sequence) to account for the within-subject correlation among repeated
measurements. The interaction between treatment and period was tested and dropped
from the model as it was not significant. If the overall F test for the effect of treatment was
significant, pairwise comparisons were conducted to examine which treatment is different
from which and Tukey’s method was used to adjust for multiple comparisons. To examine
whether males and females respond to the 3 treatments differently, treatment by gender
interaction was tested for blood glucose, satiety VAS, and 24-hr food intake. Analyses were
performed in SAS 9.3 (SAS Institute, Cary NC). Two-sided tests with p-value less than 0.05
were considered statistically significant.

3. Results

Statistical analysis included 48 participants: 24 men and 24 women. Subjects with
incomplete data were not included in the final analysis for the area in which data were
missing. Mean age for males was 27.6 &+ 6.6 years and for females was 22.4 & 2.0 years.
Subjects had a mean BMI of 24.3 &+ 2.0 for males and 23.5 £ 2.3 for females at baseline.

Even high doses of gum acacia were well tolerated (Table 1). Significantly more
bloating, flatulence, and GI rumblings were reported for the 40 g fiber dose (treatment C)
compared to the control (treatment A), although the overall values reported were relatively
low. Other measures of GI tolerance were not altered by the gum acacia treatments.
Palatability assessments between treatments were not significantly different (Table 1).

Table 1. Gastrointestinal tolerance and palatability.

Treatment A Treatment B Treatment C p Value
N Mean SD N Mean SD N Mean SD Overall Avs.B Avs.C Bvs.C
Bloating AUC 47 5.4 7.9 48 6.9 10.8 46 12.3 15.0 0.0008 0.71 0.0009 0.01
Nausea AUC 47 0.5 1.9 48 0.6 2.9 46 1.9 6.2 0.11
Flatulence AUC 47 4.0 7.4 48 7.8 11.1 46 11.5 15.5 0.002 0.18 0.001 0.14
Diarthea/loose 47 o5 g 4g 12 41 46 21 66 0.22

stools AUC
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Table 1. Cont.
Treatment A Treatment B Treatment C p Value
N Mean SD N Mean SD N Mean SD Overall Avs.B Avs.C Bvs.C

Constipation AUC 47 0.9 3.7 48 14 5.5 46 3.2 7.2 0.054 0.86 0.056 0.17

GI rumbling AUC 47 6.4 8.8 48 74 10.1 46 114 143 0.011 0.81 0.012 0.056
GI cramping AUC 47 2.0 5.7 48 1.6 4.8 46 4.1 10.1 0.11

Visual Appeal 44 0.21  0.19 46 0.28 0.21 43 0.28 0.23 0.048 0.086 0.078 1

Smell 44 025 0.17 46 028 0.18 44 028 0.18 0.39
Taste 44 020 0.15 46 022 0.17 44 023 0.19 0.37
Aftertaste 44 0.63 0.26 46 0.59 0.26 44 0.58 0.26 0.49
Overall Palatability =~ 44 022 0.16 46 024 020 44 028 0.22 0.11

For gastrointestinal tolerance, n = 47 due to error in collection for one subject’s data. For palatability, 7 = 44 due to multiple errors in
computer-based data collection where responses were not recorded. While visual appeal had overall significance, no significant differences
emerged in the between-group breakout analysis. Bolded p values are considered significant (p < 0.05). Overall p value scores were
calculated using the F test, with between-group comparisons calculated using Tukey’s method to adjust for multiple comparisons.

No significant difference (p > 0.05) was found in blood glucose AUC or in change
in blood glucose from baseline to 30, 60, 120, 180, and 240 min in any treatment. While
actual blood glucose differed at 30 min overall (p = 0.011), the change in blood glucose
from baseline to 30 min was not statistically significant (p = 0.16) (Table 2). Treatments
B and C were indistinguishable at 30 min (p = 0.84), while B was significantly improved
from the control group at 30 min (control = 144.2 mg/dL, treatment B = 136.7mg/dL,
p = 0.013). Treatment C trended towards difference from control (p = 0.055). There was no
significant interaction between treatment and gender. Glucose variability was found across
all treatments (Figure 2). The widest variation among participants occurred between 30
and 60 min.

Table 2. Blood glucose statistical analysis of three treatments across all time points.

Treatment A (Control) Treatment B Treatment C p Value
Glucose Outcomes N Mean SD N Mean SD N Mean SD -
AUC (time is in hour) 48 419.0 314 48 417.9 34.0 47 418.9 36.8 0.94
Baseline 48 95.1 8.8 48 92.6 14.5 48 94.5 8.6 0.49
Overall: 0.011
. A vs. B: 0.013
30 min 48 144.2 19.1 48 136.7 20.0 48 137.9 17.0 Avs. C: 0.055
Bvs. C:0.84
Baseline to 30 min change 48 49.1 18.3 48 44.1 23.5 48 43.5 15.9 0.16
Baseline to 60 min change 48 20.0 21.0 48 23.9 21.8 48 21.9 21.6 0.57
Baseline to 120 min 48 63 120 48 101 161 48 5.2 18.1 0.28
change
Baseline to 180 min 48 37 103 48 03 161 48 0.3 133 0.27
change
Baseline to 240 min 48  -71 102 48 47 167 47 -48 103 0.56
change

All blood glucose is measured in mg/dL using sterile techniques. Bolded p values are considered significant (p < 0.05). Significant values
were only found for blood glucose levels at 30 min in Treatments B vs. the control, with levels in Treatment C vs. the control trending
downwards but not reaching significance. Overall p value scores were calculated using the F test, with between-group comparisons
calculated using Tukey’s method to adjust for multiple comparisons.

At time point 15 min, there was an overall significant difference in hunger (p = 0.025),
satisfaction (p = 0.014), and fullness (p = 0.004) (Table 3). At 15 min post-breakfast con-
sumption, subjects were less hungry with the 40 g fiber treatment compared to the control
(p = 0.019). At the 15-min time point they were more satisfied with the 40 g fiber treatment
compared to the control (p = 0.011). Additionally, at 15 min, the 40 g fiber treatment was
associated with higher levels of fullness than the control (p = 0.003). At 30 min after break-
fast, there was a statistically significant difference in hunger overall (p = 0.016). Subjects



Nutrients 2021, 13, 618 6 of 14
were less hungry after the 40 g fiber diet, compared to control at 30 min (p = 0.012). At the
240 min post-breakfast time point, subjects reported less hunger on the 40 g fiber treatment
compared to the control (p = 0.036). They also reported being fuller at the 4 h time point
with the 40 g fiber treatment compared to control (p = 0.05). Women in the 40 g fiber
treatment reported more fullness AUC compared to the 20 g treatment (overall p = 0.048,
A vs. Bp =0.033). Men in either the 20 g or 40 g group reported greater satisfaction at
15 min post-treatment than men in the control group (A vs. B p = 0.043; A vs. C p = 0.041).
Women in the 40 g treatment group reported less hunger at 60 min than women in the
control group (p = 0.012) or men in the 40 g treatment group (p = 0.011) (Table 4).
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Figure 2. Mean blood glucose after breakfast treatment with 0, 20, and 40g of acacia gum. Error bars represent one standard
deviation. Mean blood glucose differed significantly at 30 min (p = 0.011), although change in blood glucose from baseline
to 30 min did not reach significance (p = 0.16). Treatment group B was significantly improved from the control group at
30 min (control = 144.2 mg/dL, treatment B = 136.7 mg/dL, p = 0.013). Treatment C trended towards difference from the
control group at 30 min (p = 0.055).

Table 3. Satiety.

Treatment A Treatment B Treatment C p value

Outcome N Mean SD N Mean SD N Mean SD Overall AvsB AvsC BvsC
Hunger 42 1.9 0.55 38 1.85 0.55 43 1.75 054 0.22
Overall Satisfaction 43 1.87 051 39 1.79 0.59 44 191 058 0.45
AUC Fullness 43 1.82 054 39 1.79 0.61 44 196 0.68 0.15
Volume 43 22 0.6 39 2.26 0.68 44 212 0.72 0.37
Hunger 48 0.69 0.23 48 0.63 0.25 48 0.67 0.22 0.31
. Satisfaction 48 022 0.22 48 0.22 0.22 48 0.19 0.16 0.58
Baseline  pojness 48 018 021 48 022 024 48 017 018 0.4
Volume 48 0.75 0.2 48 0.72 0.2 48 0.75 0.16 0.58
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Table 3. Cont.

Treatment A Treatment B Treatment C p value
Outcome N Mean SD N Mean SD N Mean SD Overall AvsB AvsC BvsC

Hunger 48 031 026 48 026 024 48 02 019 0.025 0.3 0.019 0.42

15 Satisfaction 48 06 024 48 063 025 48 071 021 0.014 0.59 0.011 0.13

minutes Fullness 48 06 025 48 068 024 48 071 0.23 0.004 0.051 0.003 0.59
Volume 48 041 026 48 037 026 48 036 0.26 0.33

Hunger 46 03 024 47 0.24 0.2 46 02 019 0.016 0.2 0.012 0.45
30 Satisfaction 47 066 021 48 0.66 0.2 47 069 022 0.59
minutes Fullness 47 068 021 48 0.69 0.2 47 071 022 0.59
Volume 47 037 026 48 036 026 47 032 026 0.41

Hunger 45 029 019 44 025 019 46 025 022 0.29

45 Satisfaction 46 066 018 45 0.66 0.2 46 0.65 0.23 0.98
minutes Fullness 46 065 0.2 45 066 022 46 0.68 0.24 0.62
Volume 46 039 024 45 037 024 46 037 027 0.74

Hunger 47 034 021 47 0.3 022 46 027 022 0.12

60 Satisfaction 48 06 019 48 0.6 021 47 062 024 0.78
minutes Fullness 48 06 021 48 061 021 47 064 024 0.44
Volume 48 042 024 48 042 024 47 036 0.26 0.13

Hunger 47 038 0.2 45 034 022 46 031 021 0.11

90 Satisfaction 47 057 02 45 0.55 0.2 47 058 023 0.83
minutes Fullness 47 055 022 45 053 023 47 062 021 0.071
Volume 47 047 022 45 047 022 47 041 025 0.19

Hunger 47 044 023 47 043 022 47 041 0.23 0.73

120 Satisfaction 47 047 019 47 047 021 47 051 0.23 0.51
minutes Fullness 47 046 022 47 047 022 47 052 024 0.24
Volume 47 054 021 47 052 022 47 048 0.23 0.32

Hunger 48 058 022 46 059 021 48 056 0.2 0.7

180 Satisfaction 48 036 021 46 0.33 0.2 48 036 0.18 0.49
minutes Fullness 48 035 021 46 032 021 48 035 022 0.45
Volume 48 068 0.18 46 0.7 017 48 066 0.2 0.46

Hunger 48 079 013 48 078 014 48 073 0.16 0.035 0.84 0.036 0.13
240 Satisfaction 48 017 012 48 018 012 48 02 013 0.34
minutes Fullness 48 017 017 48 0.18 016 48 024 021 0.046 0.9 0.05 0.13
Volume 48 082 014 48 0.8 013 48 079 0.15 0.26

Bolded p values are considered significant (p < 0.05).

There were no significant differences in food intake at the pizza lunch among the three
meals (Table 5). Calorie intake for control was 756 & 274 kcal, 20 g fiber was 741 £ 230 kcal,
and 40 g fiber was 737 =+ 245 kcal (p value = 0.75).
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Table 4. Satiety results by gender.

Treatment A

Treatment B

Treatment C

Female Male Female Male Female Male p Value

Outcome N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
Hunger 21 188 05 21 192 06 20 1.8 057 18 192 054 22 1.57 0.51 21 193 052 0.14
Overall AUC Satisfaction 22 188 04 21 186 061 21 172 06 18 186 058 23 2.06 0.55 21 175  0.58 0.033
vera Fullness 22 1.84 046 21 179  0.62 21 173 0.64 18 186  0.59 23 2.12 0.68 21 1.8  0.66 0.048
Volume 22 216 043 21 224 075 21 225 062 18 227 077 23 1.93 0.6 21 232 079 0.039
Hunger 24 071  0.19 24 068 027 24 062 028 24 0.65 023 24 0.65 0.24 24 069 02 0.79
Basell Satisfaction 24 021 023 24 023 022 24 019 021 24 025 022 24 0.19 0.18 24 018 0.14 0.64
aseline Fullness 24 018 024 24 018  0.19 24 018 022 24 027 026 24 0.2 0.22 24 015 0.14 0.23
Volume 24 076 02 24 074 021 24 073 02 24 072 02 24 0.72 0.17 24 078 0.6 0.41
Hunger 24 026 021 24 035 03 24 023 023 24 028 025 24 0.18 0.2 24 023  0.19 0.69
15 mi Satisfaction 24 066 0.19 24 054 028 24 058 028 24 069 02 24 0.72 0.2 24 07 022 0.008
minutes Fullness 24 0.67  0.19 24 052 029 24 0.68 024 24 0.67 024 24 0.74 0.21 24 0.69 024 0.084
Volume 24 037 021 24 045 03 24 037 025 24 037 027 24 0.32 0.23 24 039 0.8 0.55
Hunger 22 027 024 24 033 024 23 023 022 24 026 0.18 22 0.13 0.13 24 027 022 0.16
30 mi Satisfaction 23 071 017 24 061 025 24 068 02 24 064 021 23 0.73 0.2 24 0.66 023 0.54
minutes Fullness 23 073 0.6 24 062 023 24 0.71 0.2 24 066 02 23 0.77 0.19 24 0.65 024 0.24
Volume 23 032 024 24 043 028 24 035 025 24 038 027 23 0.29 0.24 24 036 027 0.47
Hunger 23 022 0.13 22 036 022 23 0.2 0.2 21 031 018 23 0.16 0.15 23 034 025 0.53
45 mi Satisfaction 24 069 0.16 22 063 021 24 068 022 21 064 0.18 23 0.7 0.21 23 06 024 0.57
minutes piness 24 067 019 22 063 021 24 069 022 21 061 022 23 0.75 0.2 23 061 027 0.25
Volume 24 038 022 22 041 027 24 035 025 21 039 024 23 0.33 0.26 23 042 0.9 0.68
Hunger 23 031 02 24 037 023 23 023 021 24 036 021 22 0.16 0.14 24 038 024 0.027
60 mi Satisfaction 24 063 0.17 24 058 022 24 063 022 24 058 02 23 0.69 0.22 24 056 025 0.29
minutes Fullness 24 0.66  0.17 24 055 023 24 066 02 24 055 021 23 0.72 0.21 24 057 024 0.74
Volume 24 039 022 24 044 027 24 037 024 24 047 024 23 0.26 0.2 24 044 028 0.12
Hunger 24 031 017 23 044 021 22 028 021 23 041 022 23 0.23 0.18 23 039 02 0.62
90 mi Satisfaction 24 06 0.8 23 053 022 22 057 022 23 052 018 24 0.6 0.24 23 055 022 0.96
minutes Fullness 24 059 024 23 051 021 22 057 025 23 05 021 24 0.67 0.2 23 056 021 0.81
Volume 24 043 02 23 052 024 22 044 023 23 05 022 24 0.35 0.24 23 047 025 0.57
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Table 4. Cont.

Treatment A Treatment B Treatment C
Female Male Female Male Female Male p Value
Outcome N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD N Mean SD
Hunger 23 0.41 0.23 24 0.47 0.23 24 0.39 0.21 23 0.47 0.22 24 0.33 0.23 23 0.49 0.19 0.37
120 mi Satisfaction 23 0.49 0.18 24 0.45 0.21 24 0.49 0.22 23 0.45 0.21 24 0.6 0.21 23 0.41 0.2 0.059
MINueS  piiness 23 047 024 24 044 021 24 048 024 23 047 02 24 059 025 23 045 02 0.25
Volume 23 0.52 0.18 24 0.56 0.24 24 0.49 0.23 23 0.55 0.21 24 0.4 0.22 23 0.57 0.22 0.19

Hunger 24 0.61 0.2 24 0.55 0.24 23 0.59 0.24 23 0.6 0.19 24 0.57 0.21 24 0.56 0.19 0.53
Satisfaction 24 0.35 0.19 24 0.37 0.24 23 0.32 0.21 23 0.33 0.18 24 0.38 0.18 24 0.33 0.18 0.48
Fullness 24 0.35 0.2 24 0.36 0.23 23 0.31 0.24 23 0.33 0.17 24 0.37 0.24 24 0.32 0.19 0.49
Volume 24 0.69 0.11 24 0.67 0.22 23 0.71 0.13 23 0.68 0.2 24 0.63 0.2 24 0.69 0.2 0.2

Hunger 24 0.8 0.13 24 0.78 0.13 24 0.82 0.09 24 0.74 0.17 24 0.74 0.17 24 0.72 0.15 0.28
Satisfaction 24 0.15 0.11 24 0.19 0.13 24 0.15 0.1 24 0.21 0.13 24 0.19 0.13 24 0.21 0.14 0.48
Fullness 24 0.13 0.13 24 0.22 0.2 24 0.12 0.1 24 0.24 0.18 24 0.22 0.21 24 0.26 0.21 0.39
Volume 24 0.81 0.15 24 0.82 0.14 24 0.81 0.1 24 0.78 0.15 24 0.79 0.15 24 0.78 0.15 0.6

180 minutes

240 minutes

Bolded p values are considered significant (p < 0.05). Women in the 40 g fiber treatment reported more fullness area under the curve (AUC) compared to the 20 g treatment (A vs. B p = 0.033). While overall
p values were significant for satisfaction and volume AUC, no other between-group analyses emerged as significant. Men in either the 20 g or 40 g group reported greater satisfaction at 15 min post-treatment
than men in the control group (A vs. B p =0.043; A vs. Cp = 0.041). At 60 min, women in the 40 g treatment group reported less hunger than women in the control group (p = 0.012) or men in the 40 g treatment
group (p = 0.011).
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Table 5. Ad libitum pizza calories consumed and total calorie intake from 24-hr recall by
treatment group.

Treatment A Treatment B Treatment C
Outcome N Mean SD N Mean SD N Mean SD p Value
AL Pizza 48 7565 2741 47 7417 2297 48  737.0 2435 075
calories
24-hr Total 48 1790 749 48 1625 642 48 1590 691  0.12
calories
Female: Total = o) 1001 760 24 1516 612 24 1676 732 016
calories
Male: Total 24 1859 747 24 1734 666 24 1505 651  0.16
calories

Treatment by gender interaction p value is 0.16, indicating no gender differences.

Subjects also recorded their food intake for 24 h after the fiber treatments (Table 5).
Calorie intakes trended downward, with calorie intakes being 1790 £ 749 kcal on control,
1625 + 642 kcal on 20 g fiber, and 1590 =+ 691 kcal on 40 g fiber treatment (p value = 0.12).
Gender differences in this response were insignificant (p value = 0.16).

4. Discussion

The findings of this study indicate that gum acacia, a soluble fiber, has statistically
significant positive effects on satiety measures at 15, 30, and 240 min after consumption. No
significant effects on blood glucose AUC or ad libitum energy intake were seen, although
24-h food intake after the treatment showed a dose-response trend for lower self-reported
food intake with increasing AG dose. We also found that AG added to orange juice at
higher doses does not alter the acceptability of the orange juice. Additionally, large doses
of AG had only minimal effects on subjects’ gastrointestinal tolerance, an effect mimicked
in previous literature on AG tolerance [22,26-28].

Our study did not find significant effects of AG ingestion on blood glucose measures
and suggests that AG does not produce a predictable glycemic response in healthy humans,
which is inconsistent with previous literature [32]. A crossover study by Sharma et al.
of similar design to this trial fed 0 or 20 g of AG to twelve healthy male subjects and
showed a significant reduction (p < 0.05) in AUC blood glucose levels in subjects fed the
AG compared to the control. Only acute effects of AG on the glycemic response were
measured in both our study and the Sharma study. The lack of a significant reduction in
mean glucose AUC after both doses of fiber in our trial could be due to interindividual
glucose variability following consumption of AG; such variability in individual responses
makes determining statistical power in blood glucose studies challenging, particularly
in a healthy population that maintains a normal BG response. In this study, those with
baseline blood glucose measurements 100-110 mg/dL maintained proportionally higher
blood glucose data points throughout the study, signaling another area of interindividual
variability difficult to account for in such studies. Limitations to this study include 1-5-min
precision errors in blood glucose measurement timings; blood glucose was measured in a
large group setting without a 1:1 ratio of participant to data collector. The young average
age of subjects, the inability of researchers to control subject consumption and exercise
prior to each trial, and the acute nature of the study are other limitations to consider.

While the type and viscosity of fiber can impact blood glucose levels after consump-
tion, variation in the amount of fiber consumed cannot consistently predict the resulting
reduction in postprandial glycemic response. The dose and the physical state of a food’s
matrix may lead to variation in postprandial glucose and insulin responses [33,34]. Al-
though there is a lack of conclusive research to demonstrate its physiological benefits
long-term in healthy humans, AG consumption has shown glycemic benefits in people
with T2D given 30 g supplement over a 3-month treatment period [24]. Use of AG in
treatment of T2D is consistent with that of other low-GI foods; however, there is a vast
amount of room for research to be done on soluble fibers including AG and their potential
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for management of those with T2D. The exact combination of fiber characteristics that
will result in beneficial glycemic responses is largely unknown, thus requiring individual
investigation for each fiber [35-37]. AG continues to be a minimally investigated fiber for
its role in management of glycemic response.

Only one other study specifically examining the effects of AG on satiety was found at
the time of this writing. Calame et al. found that supplementation of AG doses ranging
from 5 to 40g resulted in a significant reduction in caloric intake compared to a negative
control at an ad libitum meal three hours post-consumption of the AG. Additionally, a
significant difference in subjective assessment of hunger and satiety was observed between
all doses of AG and positive control. The largest dose (40g) resulted in the greatest
difference in subjective satiety measures when compared to the negative control. However,
there was no significant correlation between ad libitum intake and subjective satiety [21].
Clearly, more research is needed to properly assess the extent of AG’s influence on satiety
and determine if any significant relationship exists between AG consumption and overall
energy intake. This study is only the second known study to assess this question, lending
it significance in the field of satiety and appetite research on dietary fibers.

Due to the variation of AG sample composition as a result of environmental factors [20],
commercial standardization of samples is necessary before reliable experiments can be
conducted and compared. As each commercial brand likely has a slightly different chemical
composition, it is probable that effects of AG on ad libitum energy intake and subjective
satiety are product-specific. Thus, the results of this study may not be directly comparable
to those of the Calame study as different commercial fibers were utilized. While more
research on AG effects on human physiology is needed, comparison of results may be
challenging due to this factor.

Overall, AG has positive effects on body weight and adiposity in animals [38—41]
and humans independently of subjective satiety, although only one lab is known at this
time to study the effects of AG on body weight and adiposity in humans. Babiker and
colleagues measured the effects of 30 g/d AG supplementation on various adiposity-
related biomarkers in humans and found that AG supplementation led to statistically
significant reductions in body mass index (BMI), body fat percentage, hip circumference,
lipid accumulation product, and visceral adiposity [22-24]. Most astonishingly, the group
saw a 23.7% (p = 0.022) decrease in visceral adiposity index (VAI) of their AG consuming
group compared to the control over the course of the study [22]. Visceral fat accumulation
measured by VAl is linked to impaired glucose and lipid metabolism, insulin resistance,
and hypertension [22]. Thus, AG’s positive effect on satiety may not be the only beneficial
mechanism by which AG could combat the rising rate of obesity.

5. Conclusions

This study indicates that gum acacia has physiological benefits in healthy human
subjects, including improvements in satiety after consumption of 40 g of gum acacia per
day with little effect on gastrointestinal comfort and high consumer acceptability. These
results are consistent with existing research on AG and add to the body of evidence that
AG provides physiological benefits as a functional fiber in human nutrition.

Fiber intakes in the United States remain at roughly half the recommended intake
levels, and fiber remains a nutrient of concern in the Dietary Guidelines for Americans
2015-2020 [42]. Enrichment or fortification of fiber in food and beverage products could
improve intakes of dietary fiber in America and have positive effects on health outcomes
including obesity. The ability to add AG to beverages with high consumer acceptability
and minimal gastrointestinal effects even at high doses may enable consumers to more
easily meet their dietary fiber needs and demonstrates an advantage over other soluble
fibers. Due to its high gastrointestinal tolerance, soluble nature, and effects on satiety, AG
may be a practical fiber to help bridge the fiber gap in U.S. diets and have a positive effect
on satiety.



Nutrients 2021, 13, 618 12 of 14

Author Contributions: Conceptualization, J.S., RK., HW. and ].E.; Methodology, ].S., RK. and ].E,;
Software, J.E.; Validation, J.S., R.K. and J.E.; Formal Analysis, Q.W.; Investigation, J.S., R.L. and C.N.;
Resources, ].S., R.L. and C.N.; Data Curation, R.L. and C.N.; Writing—Original Draft Preparation,
R.L. and C.N.; Writing—Review and Editing, R.L, C.N., RK., HW. and ].S,; Visualization, R.L., C.N.
and J.S.; Supervision, J.S.; Project Administration, J.5. R.L. and C.N.; Funding Acquisition, J.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Nexira, UMN Award#CON000000075666, Satiety and blood
glucose response with acacia gum. Raw data is the dual property of the University of Minnesota and
Nexira. The APC was funded by non-sponsored funds from the corresponding author. Qi Wang
receives support from the National Center for Advancing Translational Sciences of the National
Institutes of Health, Award Number Ul1-TR002494. The content is solely the responsibility of the
authors and does not necessarily represent the official views of the National Institutes of Health.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
the Human Research Protection Program, IRB, University of Minnesota. The study was approved on
9 October 2018 and closed on 29 June 2020. The Assurance of Compliance number is FW A00000312.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author within the terms of the contract that funded the study. Funding details are
listed above.

Acknowledgments: This project was funded by Nexira. Qi Wang is supported in part by the UMN
NIH Clinical and Translational Science Award: UL1TR002494. Madeline Emmanuel, Jennifer Mullen,
Claire Houlihan, Mason Dworak, Troy Wesson, and Victoria Gulon all served as undergraduate
research assistants for the study.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1. Hopping, B.N.; Erber, E.; Grandinetti, A.; Verheus, M.; Kolonel, L.N.; Maskarinec, G. Dietary Fiber, Magnesium, and Glycemic
Load Alter Risk of Type 2 Diabetes in a Multiethnic Cohort in Hawaii. J. Nutr. 2010, 140, 68-74. [CrossRef]

2. Fujii, H,; Iwase, M.; Ohkuma, T.; Ogata-Kaizu, S.; Ide, H.; Kikuchi, Y.; Idewaki, Y.; Joudai, T.; Hirakawa, Y.; Uchida, K; et al.
Impact of dietary fiber intake on glycemic control, cardiovascular risk factors and chronic kidney disease in Japanese patients
with type 2 diabetes mellitus: The Fukuoka Diabetes Registry. Nutr. J. 2013, 12, 159. [CrossRef] [PubMed]

3. Veldzquez-Loépez, L.; Mufioz-Torres, A.V.; Garcia-Pefia, C.; Lopez-Alarcon, M.; Islas-Andrade, S.; Escobedo-De La Pefia, J. Fiber in
diet is associated with improvement of glycated hemoglobin and lipid profile in mexican patients with type 2 diabetes. ]. Diabetes
Res. 2016, 2016, 1-9. [CrossRef] [PubMed]

4. Jung, C.-H.; Choi, KM. Impact of High-Carbohydrate Diet on Metabolic Parameters in Patients with Type 2 Diabetes. Nutrients
2017, 9, 322. [CrossRef]

5. Kim, EK,; Oh, T].; Kim, L.-K.; Cho, Y.M. Improving Effect of the Acute Administration of Dietary Fiber-Enriched Cereals on
Blood Glucose Levels and Gut Hormone Secretion. J. Korean Med. Sci. 2016, 31, 222. [CrossRef]

6.  National Center for Health Statistics, Division of Analysis and Epidemiology. Table 53. Selected Health Conditions and Risk Factors,
by Age: United States, Selected Years 1988—1994 through 2015-2016; National Center for Health Statistics: Hyattsville, MD, USA,
2017.

7. Clark, M.J.; Slavin, J.L. The effect of fiber on satiety and food intake: A systematic review. J. Am. Coll. Nutr. 2013, 32, 200-211.
[CrossRef] [PubMed]

8.  Howarth, N.C,; Saltzman, E.; Roberts, S.B. Dietary Fiber and Weight Regulation. Nutr. Rev. 2001, 59, 129-139. [CrossRef]

9.  Slavin, J. Position of the American Dietetic Association: Health Implications of Dietary Fiber. . Am. Diet. Assoc. 2008, 108,
1716-1731. [CrossRef]

10. Kimm, S5.Y.S. The Role of Dietary Fiber in the Development and Treatment of Childhood Obesity. Pediatrics 1995, 96, 1010-1014.

11. Ludwig, D.S.; Pereira, M.A.; Kroenke, C.H.; Hilner, J.E.; Van Horn, L.; Slattery, M.L.; David, R.; Jacobs, J. Dietary Fiber, Weight
Gain, and Cardiovascular Disease Risk Factors in Young Adults. JAMA 1999, 282, 1539. [CrossRef] [PubMed]

12.  Nelson, L.H.; Tucker, L.A. Diet Composition Related to Body Fat in a Multivariate Study of 203 Men. J. Am. Diet. Assoc. 1996, 96,
771-777. [CrossRef]

13.  U.S. Department of Agriculture; U.S. Department of Health and Human Services. Dietary Guidelines for Americans 2010, 7th ed.;

U.S. Government Printing Office: Washington, DC, USA, 2010; ISBN 978-0615449913.


http://doi.org/10.3945/jn.109.112441
http://doi.org/10.1186/1475-2891-12-159
http://www.ncbi.nlm.nih.gov/pubmed/24330576
http://doi.org/10.1155/2016/2980406
http://www.ncbi.nlm.nih.gov/pubmed/27144178
http://doi.org/10.3390/nu9040322
http://doi.org/10.3346/jkms.2016.31.2.222
http://doi.org/10.1080/07315724.2013.791194
http://www.ncbi.nlm.nih.gov/pubmed/23885994
http://doi.org/10.1111/j.1753-4887.2001.tb07001.x
http://doi.org/10.1016/j.jada.2008.08.007
http://doi.org/10.1001/jama.282.16.1539
http://www.ncbi.nlm.nih.gov/pubmed/10546693
http://doi.org/10.1016/S0002-8223(96)00215-5

Nutrients 2021, 13, 618 13 of 14

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Slavin, J.; Green, H. Dietary fibre and satiety. Nutr. Bull. 2007, 32, 32-42. [CrossRef]

Monsivais, P.; Carter, B.E.; Christiansen, M.; Perrigue, M.M.; Drewnowski, A. Soluble fiber dextrin enhances the satiating power
of beverages. Appetite 2011, 56, 9-14. [CrossRef] [PubMed]

Salleh, S.; Fairus, A.; Zahary, M.; Bhaskar Raj, N.; Mhd Jalil, A. Unravelling the Effects of Soluble Dietary Fibre Supplementation
on Energy Intake and Perceived Satiety in Healthy Adults: Evidence from Systematic Review and Meta-Analysis of Randomised-
Controlled Trials. Foods 2019, 8, 15. [CrossRef] [PubMed]

Meyer, K.A.; Kushi, L.H.; Jacobs, D.R.; Slavin, J.; Sellers, T.A.; Folsom, A.R. Carbohydrates, dietary fiber, and incident type 2
diabetes in older women. Am. J. Clin. Nutr. 2000, 71, 921-930. [CrossRef] [PubMed]

Thompson, S.V.; Hannon, B.A.; An, R.; Holscher, H.D. Effects of isolated soluble fiber supplementation on body weight, glycemia,
and insulinemia in adults with overweight and obesity: A systematic review and meta-analysis of randomized controlled trials.
Am. . Clin. Nutr. 2017, 106, 1514-1528. [CrossRef]

Poutanen, K.S.; Dussort, P.; Erkner, A.; Fiszman, S.; Karnik, K.; Kristensen, M.; Marsaux, C.EM.; Miquel-Kergoat, S.;
Pentikdinen, S.P,; Putz, P; et al. A review of the characteristics of dietary fibers relevant to appetite and energy intake outcomes
in human intervention trials. Am. J. Clin. Nutr. 2017, 106, 747-754. [CrossRef] [PubMed]

Ali, B.H.; Ziada, A.; Blunden, G. Biological effects of gum arabic: A review of some recent research. Food Chem. Toxicol. 2009, 47,
1-8. [CrossRef]

Calame, W.; Thomassen, E; Hull, S.; Viebke, C.; Siemensma, A.D. Evaluation of satiety enhancement, including compensation, by
blends of gum arabic. A methodological approach. Appetite 2011, 57, 358-364. [CrossRef]

Babiker, R.; Elmusharaf, K.; Keogh, M.B.; Saeed, A.M. AO—Babiker, R.O. Effect of Gum Arabic (Acacia Senegal) supplementation
on visceral adiposity index (VAI) and blood pressure in patients with type 2 diabetes mellitus as indicators of cardiovascular
disease (CVD): A randomized and placebo-controlled clinical trial. Lipids Health Dis. 2018, 17, 56. [CrossRef]

Babiker, R.; Merghani, T.H.; Elmusharaf, K.; Badi, R.M.; Lang, F.; Saeed, A.M. Effects of gum Arabic ingestion on body mass index
and body fat percentage in healthy adult females: Two-arm randomized, placebo controlled, double-blind trial. Nutr. J. 2012, 11,
1-7. [CrossRef]

Babiker, R.; Elmusharaf, K.; Keogh, M.B.; Banaga, A.S.I.; Saeed, A.M. Metabolic effect of Gum Arabic (Acacia Senegal) in patients
with Type 2 Diabetes Mellitus (T2DM): Randomized, placebo controlled double blind trial. Funct. Foods Heal. Dis. 2017, 7, 219-231.
[CrossRef]

Hu, ]J.-L.L.; Nie, S.-P.P,; Li, N.; Min, E-EF,; Li, C.; Gong, D.; Xie, M.-Y.Y. Effect of Gum Arabic on Glucose Levels and Microbial
Short-Chain Fatty Acid Production in White Rice Porridge Model and Mixed Grain Porridge Model. J. Agric. Food Chem. 2014, 62,
6408-6416. [CrossRef]

Calame, W.; Weseler, A.R.; Viebke, C.; Flynn, C.; Siemensma, A.D. Gum arabic establishes prebiotic functionality in healthy
human volunteers in a dose-dependent manner. Br. . Nutr. 2008, 100, 1269. [CrossRef]

Glover, D.A.; Ushida, K,; Phillips, A.O.; Riley, S.G. Acacia(sen) SUPERGUM™ (Gum arabic): An evaluation of potential health
benefits in human subjects. Food Hydrocoll. 2009, 23, 2410-2415. [CrossRef]

Doi, Y,; Ichihara, T.; Hagiwara, A.; Imai, N.; Tamano, S.; Orikoshi, H.; Ogasawara, K.; Sasaki, Y.; Nakamura, M.; Shirai, T. A
ninety-day oral toxicity study of a new type of processed gum arabic, from Acacia tree (Acacia senegal) exudates, in F344 rats.
Food Chem. Toxicol. 2006, 44, 560-566. [CrossRef]

Scientific Evaluation of the Evidence on the Beneficial Physiological Effects of Isolated or Synthetic Non-digestible Carbohydrates Submitted
as a Citizen Petition (21 CFR 10.30): Guidance for Industry; United States Food and Drug Administration: College Park, MD, USA,
2018; pp. 1-19.

Korczak, R.; Lindeman, K.; Thomas, W.; Slavin, J.L. Bran fibers and satiety in women who do not exhibit restrained eating.
Appetite 2014, 80, 257-263. [CrossRef]

Stunkard, A.; Messick, S. The Three-Factor Eating Questionnaire to measure dietary restraint, disinhibition and hunger. |.
Psychosom. Res. 1985, 29, 71-83. [CrossRef]

Sharma, R.D. Hypoglycemic effect of gum acacia in healthy human subjects. Nutr. Res. 1985, 5, 1437-1441. [CrossRef]
Brand-Miller, ].C.; Stockmann, K.; Atkinson, F.; Petocz, P.; Denyer, G. Glycemic index, postprandial glycemia, and the shape of
the curve in healthy subjects: Analysis of a database of more than 1000 foods. Am. J. Clin. Nutr. 2009, 89, 97-105. [CrossRef]
Willis, H.J.; Thomas, W.; Eldridge, A.L.; Harkness, L.; Green, H.; Slavin, J.L. Glucose and insulin do not decrease in a dose-
dependent manner after increasing doses of mixed fibers that are consumed in muffins for breakfast. Nutr. Res. 2011, 31, 42—47.
[CrossRef] [PubMed]

Wolever, TM.S.; Van Klinken, B.J.W.; Spruill, S.E.; Jenkins, A.L.; Chu, Y.E; Harkness, L. Effect of serving size and addition of sugar
on the glycemic response elicited by oatmeal: A randomized, cross-over study. Clin. Nutr. ESPEN 2016, 16, 48-54. [CrossRef]
[PubMed]

Mendes-Soares, H.; Raveh-Sadka, T.; Azulay, S.; Edens, K.; Ben-Shlomo, Y.; Cohen, Y.; Ofek, T.; Bachrach, D.; Stevens, J.;
Colibaseanu, D.; et al. Assessment of a Personalized Approach to Predicting Postprandial Glycemic Responses to Food Among
Individuals Without Diabetes. JAMA Netw. Open 2019, 2, €188102. [CrossRef] [PubMed]

Panahi, S.; Ezatagha, A.; Vuksan, V.; Panahi, S.; Ezatagha, A.; Temelli, F.; Vasanthan, T. 3-Glucan from Two Sources of Oat
Concentrates Affect Postprandial Glycemia in Relation to the Level of Viscosity. J. Am. Coll. Nutr. 2007, 26, 639-644. [CrossRef]


http://doi.org/10.1111/j.1467-3010.2007.00603.x
http://doi.org/10.1016/j.appet.2010.10.010
http://www.ncbi.nlm.nih.gov/pubmed/21056069
http://doi.org/10.3390/foods8010015
http://www.ncbi.nlm.nih.gov/pubmed/30621363
http://doi.org/10.1093/ajcn/71.4.921
http://www.ncbi.nlm.nih.gov/pubmed/10731498
http://doi.org/10.3945/ajcn.117.163246
http://doi.org/10.3945/ajcn.117.157172
http://www.ncbi.nlm.nih.gov/pubmed/28724643
http://doi.org/10.1016/j.fct.2008.07.001
http://doi.org/10.1016/j.appet.2011.06.005
http://doi.org/10.1186/s12944-018-0711-y
http://doi.org/10.1186/1475-2891-11-111
http://doi.org/10.31989/ffhd.v7i3.325
http://doi.org/10.1021/jf501557b
http://doi.org/10.1017/S0007114508981447
http://doi.org/10.1016/j.foodhyd.2009.06.020
http://doi.org/10.1016/j.fct.2005.09.002
http://doi.org/10.1016/j.appet.2014.05.025
http://doi.org/10.1016/0022-3999(85)90010-8
http://doi.org/10.1016/S0271-5317(85)80054-3
http://doi.org/10.3945/ajcn.2008.26354
http://doi.org/10.1016/j.nutres.2010.12.006
http://www.ncbi.nlm.nih.gov/pubmed/21310305
http://doi.org/10.1016/j.clnesp.2016.07.003
http://www.ncbi.nlm.nih.gov/pubmed/28531455
http://doi.org/10.1001/jamanetworkopen.2018.8102
http://www.ncbi.nlm.nih.gov/pubmed/30735238
http://doi.org/10.1080/07315724.2007.10719641

Nutrients 2021, 13, 618 14 of 14

38.

39.

40.

41.

42.

Anderson, D.M.W.; Ashby, P; Busuttil, A.; Eastwood, M. A.; Hobson, B.M.; Ross, A.H.M.; Street, C.A. Subchronic effects of gum
arabic (Acacia) in the rat. Toxicol. Lett. 1982, 14, 221-227. [CrossRef]

Melnick, R.L.; Huff, J; Haseman, ]J.K.; Dieter, M.P.; Grieshaber, C.K.; Wyand, D.S.; Russfield, A.B.; Murthy, A.SK;
Fleischman, R.W.; Lilja, H.S. Chronic effects of agar, guar gum, gum arabic, locust-bean gum, or tara gum in F344 rats and
B6C3F1 mice. Food Chem. Toxicol. 1983, 21, 305-311. [CrossRef]

Ushida, K.; Hatanaka, H.; Inoue, R.; Tsukahara, T.; Phillips, G.O. Effect of long term ingestion of gum arabic on the adipose
tissues of female mice. Food Hydrocoll. 2011, 25, 1344-1349. [CrossRef]

Ahmed, A.A.; Musa, H.H.; Fedail, ].S.; Sifaldin, A.Z.; Musa, T.H. Gum arabic decreased visceral adipose tissue associated with
downregulation of 113-hydroxysteroid dehydrogenase type I in liver and muscle of mice. Bioact. Carbohydr. Diet. Fibre 2015, 6,
31-36. [CrossRef]

US Department of Agriculture; US Department of Health and Human Services. Dietary Guidelines for Americans 2015-2020, 8th ed.;
U.S. Government Printing Office: Washington, DC, USA, 2015.


http://doi.org/10.1016/0378-4274(82)90055-8
http://doi.org/10.1016/0278-6915(83)90065-0
http://doi.org/10.1016/j.foodhyd.2010.12.010
http://doi.org/10.1016/j.bcdf.2015.06.004

	Introduction 
	Materials & Methods 
	Results 
	Discussion 
	Conclusions 
	References

