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ARTICLE INFO ABSTRACT

Keywords: Mango is a widely favored fruit that offers high nutritional value. Mango has been studied to examine its in-

Mﬁngo fluence on postprandial glucose, but few studies have used fresh mango compared to dried mango to measure

]; ried mango blood glucose and satiety after consumption. Therefore, the objective of the present study was to investigate the
atiety

effects of fresh versus dried mango consumption on satiety and postprandial glucose. A crossover design was
implemented where 34 healthy adults (29 females and 5 males; 25.0 + 6.0 years; BMI 23.8 + 4.3 kg/m?)
consumed either 100 kcal of fresh mango, dried mango, or white bread on three separate occasions. Following
consumption, satiety was assessed every 15 min for 90 min and blood glucose was assessed every 30 min for 90
min. Consumption of fresh mango results showed a significant increase in satiety (tendency of greater fullness (P
= 0.073) and less desire to eat (P < 0.05)) in participants. Fresh mango exhibited a more efficient decrease in
postprandial glucose levels (P < 0.05) compared to dried mango or white bread, and fresh mango promoted a
greater stability in blood glucose. Dried mango consumption also significantly lowered postprandial glucose
compared to white bread (P < 0.05). These results suggest that fresh mango consumption may be beneficial in
improving satiety responses and postprandial glucose control when compared to its dried alternative or white
bread. The results of the study may help guide individuals who are overweight or obese and/or have type 2

Postprandial glucose
Type 2 diabetes
Human

diabetes by altering their food choices that ultimately could improve their health.
ClinicalTrials.gov Identifier: NCT03956602.

1. Introduction

Obesity and type 2 diabetes prevalence continue to rise in the United
States [1-3]. According to the National Health and Nutrition Examina-
tion Survey (NHANES) from 2000 to 2017 the US obesity prevalence
increased from 30.5% to 41.9% [1]. Further, the Center for Disease
Control and Prevention (CDC) reports that 73.6% of Americans are
overweight or obese [2]. Additionally, the CDC reported that 11.3% of
all United Stated adults have diabetes, and Type 2 diabetes accounting
for 95% of all cases of diabetes [3]. A primary risk factor of type 2
diabetes is overconsumption of calories which can lead to becoming
overweight or obese [4-7]. From 2013 to 2016 the CDC estimated 89%
of individuals with type 2 diabetes were overweight or obese as defined
by a body mass index (BMI) of 25 kg/m2 or higher [3]. A meta-analysis
found that a Western diet, also known as the Standard American Diet
(SAD), increases the risk of obesity [8] and developing type 2 diabetes
by 41-44% [9]. The SAD largely consists of processed foods, red meat,
high-fat dairy products, high-sugar foods, pre-packaged foods and is low

in fruit and vegetable consumption.

Satiety is characterized by the absence of hunger. High satiety foods
help lower the risk of overconsumption while possibly providing less
calories and, reducing the risk of becoming overweight, obese, and
developing type 2 diabetes. It is expected that high satiety is achieved
when food remains in the stomach for a long period. It is well accepted
that vegetables and fruits are considered highly satiating foods [10-12]
and have been associated with a lower prevalence of obesity [13]. It has
also been suggested that consumption of fruits and vegetables can
positively impact blood glucose responses [14,15], and improve insulin
sensitivity [16-18]. Fruits and vegetables have a high amount of fiber,
which can slow carbohydrate digestion and help manage blood sugar
levels. Fruit also contains varied amounts of sugars like fructose, and
glucose [19]. Fructose that occurs naturally in fruits and vegetables
produces a smaller postprandial rise in plasma glucose and serum insulin
than other common carbohydrates [14]. Additionally, it has been shown
that bioactive compounds present in fruits and vegetables improve
glucose [15]. Specifically, it is suggested that fruits contain bioactive
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components that exhibit properties that aid in lowering blood glucose
[15].

Mango is one of the most consumed fruit worldwide and is also
commonly consumed in the United States [20]. It contains essential
nutrients like fiber, vitamin A and C, magnesium, potassium, and many
bioactive phytochemicals like mangiferin, polyphenols, carotenoids,
and flavonoids. Recently, Pinneo et al. [21] found that fresh mango
provides high satiety and improves postprandial glucose and insulin
responses in healthy, overweight, and obese adults compared to a
refined cookie. Various forms of mango puree demonstrate a slower rise
and a faster decline in the postprandial glucose response when
compared to pure glucose [22]. Mango by-product (constituting of
mango peel and/or pulp) was shown to reduced serum glucose levels in
diabetic rats [23,24].

The demand for less-perishable, nutritious and convenient snacks has
led to the increased consumption of dried mango [25]. Dried mango
contains similar nutrients and phytochemicals as fresh mangos but at
different potencies due to the loss of moisture and drying processes.
Evans et al. [15] found that regular consumption of freeze-dried mango
by obese individuals provide a potential positive effect on fasting blood
glucose [15]. Semkoff et al. [26] determined that consumption of
freeze-dried mango in pre-diabetic individuals decreased blood glucose
and increased insulin levels. There are no available studies assessing the

Metabolism Open 19 (2023) 100253

effects of dried mango on satiety.

To the best of our knowledge there are no studies comparing fresh
mango and dried mangos effects on satiety and blood glucose. Therefore,
the objective of the present study was to investigate the effects of fresh
versus dried mango consumption on satiety and postprandial glucose.
We hypothesize that fresh mango consumption will increase satiety and
improve postprandial glucose response compared to dried mango or the
isocaloric control sample.

2. Materials and methods
2.1. Participants

A total of 35 subjects were recruited to participate in this study and
one person was excluded in the screening process due to mango allergy
(Fig. 1). The study included 34 participants (29 females, and 5 males).
Participants were between the ages of 18-50 years old. Participants
were excluded from the study if they identified with one or more of the
following criteria: a known chronic medical condition required dietary
supplement use, smoking, pregnancy, and allergy to the intervention
foods provided (e.g., mango or gluten). The study protocol was
approved by the San Diego State University Institutional Review Board
(IRB) and students provided informed consent prior to the study. The
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Fig. 1. CONSORT flow diagram of participant selection.
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trial was registered at clinicaltrials.gov (NCT03956602).
2.2. Study design

This crossover design included three interventions: white bread
(control), dried mango, and fresh mango. Every subject participated in
all three trials by consuming 100 kcal of white bread (Wonder brand,
Flowers Foods Thomasville, GA) on day one of the experiment, dried
mango (Kirkland, Costco, Issaquah, WA), and fresh mango (Alpine Fresh
Inc., Miami, FL). Mango varieties include Tommy Atkins, Kent, or Keitt
cultivars. Prepackaged ready-to-eat mangos were purchased and they
contain no preservatives or additives. Each intervention was done a
week apart.

At baseline the participants tested their blood pressure and pulse and
measured their height, weight, waist circumference, hip circumference,
and percent body fat. Blood pressure (BP) and pulse were measured after
subjects had rested for at least 10 min. They were measured using a
ReliOn automatic blood pressure monitor (Omron Healthcare Inc.,
Bannockburn, IL). BP or pulses that measured higher than normal range
were measured again. Height and weight were recorded using a me-
chanical beam scale (Detecto, Webb City, MO). Body mass index (BMI)
was calculated using the equation weight in kilograms divided by height
in meters squared. Waist to hip ratio was calculated using waist mea-
surement divided by hip measurement. Percent body fat was assessed
using a handheld bioelectrical impedance analysis (Omron Healthcare,
Inc.).

Prior to each intervention participants tested their fasting blood
glucose using a blood-glucose finger prick meter at baseline and then
every 30 min up to 90 min after snack consumption. Subjects were also
instructed to complete a series of satiety questionnaires at baseline and
every 15 min up to 90 min post consumption.

2.3. 24-hour recalls

Participants completed a 24-h recall prior to each intervention to
consider diets from the previous day that could influence the interven-
tion results. The information from the 24-h recall was entered into crono
meter.com, a nutritional tracking application. This information was
used to determine if any statistical corrections were necessary to account
for dietary intake outside of the trials.

2.4. Satiety questionnaire

For each trial, subjects recorded their satiety measured using a 10 cm
visual analogue scale (Flint et al., 2000). To measure satiety during the
intervention’s, participants completed a questionnaire at baseline, 15-,
30-, 45-, 60-, 75-, and 90-min. The questionnaire consisted of 5 ques-
tions related to satiety. Specifically, the questions were; “How hungry
are you?”, “How full are you?”, “How strong is your desire to eat?”,
“How much do you think you could eat right now?”, and “How thirsty
are you?”, respectively.

2.5. Postprandial glucose response

The participants measured their glucose levels at baseline, and 30,
60, and 90 min after the trial food was consumed. Glucose was measured
using a finger prick glucose meter (Nova Biomedical, Waltham, MA).
The participants’ glucose measurements were used to assess if there was
a significant difference or impact on postprandial glucose following each
trial.

2.6. Statistical analysis
Statistical analyses were conducted using the SPSS software (IBM,

Armonk, New York). The data was analyzed using a repeated measure
analysis of variance (ANOVA) to determine the effects of fresh mango,
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dried mango, and the control on satiety and glucose levels over time.
Data are presented as means + standard deviations (SDs) and results
were considered significant at P < 0.05.

3. Results
3.1. Anthropometrics and Demographics

The study included 29 females, and 5 males. The participants’
average anthropometric information are as follows: age; 24.97 + 5.97
years old and body mass index (BMI); 23.78 + 4.28 kg/m2 (Table 1).
Average systolic and diastolic blood pressure, waist circumference, hip
circumference and waist to hip ratio (W/H ratio) are shown in Table 1.
Subjects’ average BMI and blood pressure and waist to hip ratio were
within normal range.

3.2. Diet intakes

All three interventions had an equal caloric intake of 100 kcal, and
each intervention was conducted a week apart. Participants completed a
24-h recall prior to each intervention to consider diets from the previous
day that could influence the intervention results. The average kcal
intake among the participants the day prior to the white bread con-
sumption was 1752.94 + 803.44 kcals, prior to the dried mango con-
sumption was 1591.06 + 558.08 kcals and prior to the fresh mango
consumption was 1777.69 + 589.67 kcals (Table 2). There were no
statistically significant differences on intakes of kcal, carbohydrate,
protein, fat, saturated fatty acids, monounsaturated fatty acids, poly-
unsaturated fatty acids, cholesterol, fiber, sugar, vitamins A, C, D, E, K,
calcium, iron, and sodium among all three days from 24-h food recalls.
There are no statistically significant differences in nutritional intake
prior to each intervention among the participants that skew the inter-
vention results, thus no adjustments were made. Further dietary intake
macro and micronutrient intake amounts can be found in Table 2.

3.3. Satiety measurements

Question 1 (How hungry are you?) of the satiety questionnaire
revealed a time effect (P < 0.001, Fig. 2A). All trials showed that hunger
decreased at 15 min post consumption. The reduced hunger sensation
reported by the participants was present until 45 min and began to in-
crease at 60 min. There was no significant difference between baseline
and hunger at 60, 75 and 90 min. Differences for main effect of trial were
non-significant.

Results from question 2 (How full are you?) also showed a time effect
(P < 0.001). The feeling of fullness increased from baseline to 15 min,
and gradually decreased there after (Fig. 2B). While the trial effect was

Table 1
Demographics: age, height, weight, body mass index, blood pressure, waist,
hip, waist to hip ratio, and body fat percentage.

N = 34 (female 29; male 5)

Age (yr) 24.97 + 5.97
Height (cm) 165.19 + 7.56
Weight (kg) 64.91 + 12.00
BMI (kg/m?) 23.78 + 4.28
SBP (mmHg) 119.71 +£17.21
DBP (mmHg) 78.26 + 10.50
Pulse (bpm) 67.47 +10.23
Waist circumference (cm) 77.95 + 8.28
Hip circumference (cm) 98.73 £ 9.58
W/H ratio 0.78 + 0.07
Body fat (%) 22.72 + 8.00

Data are presented as means + SDs.

SD: Standard deviation; yr: year; cm: centimeters; kg: kilograms; BMI: body
mass index; SBP: systolic blood pressure; mmHg: millimeters of mercury; DBP:
diastolic blood pressure; bpm: beats per minute W/H: waist to hip.
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Table 2

Food intake of subjects the day prior to the white bread, the dried mango, or the fresh mango consumption.
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White bread (N = 34)

Dried mango (N = 34)

Fresh mango (N = 34)

Kcal 1752.94 + 803.44
CHO (g) 180.05 + 84.35
Protein (g) 85.27 + 51.65
Fat (g) 67.36 + 36.82
SFA (g) 22.74 £+ 14.06
MUFA (g) 14.95 + 10.99
PUFA (g) 9.80 + 6.71
Cholesterol (mg) 278.29 + 219.86
Fiber (g) 25.35 =+ 20.01
Sugar (g) 63.04 + 46.55
Vit A (IU) 8672 + 13351

Vit C (mg) 103.46 + 117.40
Vit D (IU) 271.07 + 446.05
Vit E (mg) 15.81 + 46.50
Vit K (pg) 262.10 £+ 559.70
Ca (mg) 810.62 + 620.11
Fe (mg) 13.37 £ 9.97
Na (mg) 2561.97 £+ 1733.67

1591.06 + 558.08
167.07 £71.21
78.53 + 39.93
60.40 + 28.68
17.57 £ 10.53
14.71 +£12.12
10.04 £+ 6.75
238.10 £+ 222.08
24.15 + 16.42
52.99 + 40.44
10320 + 18373
105.78 + 112.71
157.11 + 307.80
6.83 + 6.25
261.32 £ 493.69
708.43 + 387.62
11.30 £+ 5.45
2476.26 + 1182.52

1777.69 + 589.67
178.56 + 82.03
94.26 + 56.66
68.02 + 25.69
21.59 £+ 9.00
17.15 4+ 10.53
10.64 + 6.64
345.28 + 259.29
22.70 + 15.62
60.71 + 44.98
9590 + 18109
93.84 + 92.44
275.87 £ 424.74
8.87 + 9.32
228.15 £ 581.21
702.82 + 418.32
13.64 + 9.89

2873.88 + 3110.50

Data are presented as means + SDs.

NS: Not significant; SD: standard deviation: Kcal: kilocalorie; CHO: carbohydrate; g: grams; SFA: saturated fatty acid; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids; mg: milligrams; IU: international unit; Vit: vitamin; pg: micrograms; Ca: calcium; Fe: iron; Na: sodium.

statistically insignificant, it should be noted that there was a trend of a
trial effect (P = 0.073). Specifically, fresh mango consumption had a
tendency of causing a greater fullness response.

Results for questions 3 (How strong is your desire to eat?) revealed a
time effect among all trials (P < 0.001). There was a decreased desire at
15 min which is present until 45 min, and then this desire gradually
increased over time (Fig. 2C). While insignificant, there was a lower
desire to eat at 60 min after consumption of fresh mango compared to
the control (P = 0.064). All other differences among time points were
insignificant.

The results from question 4 (How much do you think you could eat
right now?) demonstrated a time effect (P < 0.001). There was a sig-
nificant reduction in the amount of food the subjects thought they could
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consume at 15 min compared to baseline in all three trials (Fig. 2D). The
response lasted until 30 min in dried mango trial and until 45 min in
fresh mango trial. There was a significant reduction in the amount of
food the subjects thought they could consume 15 min after consuming
fresh mango compared to both dried mango and the control (P < 0.05).
Subjects felt that they could eat significantly less 75 and 90 min after the
consumption of fresh mango compared to dried mango (P = 0.041 and P
= 0.038, respectively).

Question 5 (How thirsty are you?) also displayed a time effect (P <
0.001) and trial effect (P = 0.001, Fig. 2E). For dried mango and white
bread, participants reported greater thirst at 15 min which increased
overtime. Fresh mango consumption showed an insignificant thirst
response until 60 min compared to baseline. Thirst levels significantly

Fig. 2. Effects of dried or fresh mango consumption
on postprandial glucose.

Trials main effect P = 0.002, Time main effect P <
0.001, Interaction P = 0.054
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lessened for fresh mango consumption over time compared to dried
mango or the control. At both 60 and 90 min, thirst was significantly
greater for bread than for dried mango (P < 0.01).

3.4. Glucose measurement

The results for glucose levels demonstrated a time effect (P < 0.001)
and trial effect (P = 0.001; Fig. 3). Glucose levels increased from base-
line until 30 min in all trials. Glucose levels remained elevated until 60
min and began to decline at 90 min in dried mango and the control. For
fresh mango, postprandial glucose levels peaked at 30 min and then
significantly declined at 60 and 90 min (P < 0.05). There was a signif-
icantly lower levels of blood glucose following dried mango and fresh
mango consumption at 30 min compared to the control (P < 0.05). At
60- and 90-min time points, glucose was significantly lower in the fresh
mango trial compared to white bread and dried mango trials (P < 0.05).
Dried mango consumption significantly decreased postprandial glucose
compared to white bread but was higher than fresh mango at 60- and 90-
min post consumption (P < 0.05).

4. Discussion

There is an urgent need to focus on and promote foods with high
satiation to address the obesity epidemic and lower the rate of type 2
diabetes in America. Mango is a nutritious fruit with many vitamins,
minerals and phytochemicals including mangiferin, gallic acids, gallo-
tannins, quercetin, isoquercetin, ellagic acid, and p-glucogallin. Con-
sumption of dried mango is increasing due to its convenience, and
nutritional benefits [25]. The present study was conducted to determine
the effects of fresh versus dried mango consumption on the intensity and
longevity of satiety, as well as postprandial glucose in healthy adults. To
our knowledge, this is the first study comparing fresh versus dried
mango consumption on satiety levels and postprandial glucose.

The results from our study revealed that overall, fresh mango had a
greater satiety effect than dried mango and the white bread control.
Specifically, fresh mango provides a greater sense of fullness and a lower
desire to eat compared to the control and dried mango. It is well
accepted that foods with higher moisture content promote satiety
[27-30]. Water content enhances satiation by slowing down gastric

150
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Fig. 3. Effects of dried or fresh mango consumption on postprandial satiety
responses. (A) How hungry are you?, Time main effect P < 0.001; (B) How full
are you? Trial effect P = 0.073, Time main effect P < 0.001; (C) How strong is
your desire to eat?, Time main effect P < 0.001; (D) How much do you think
you could eat?, Time main effect P < 0.001; (E) How thirsty are you?, Trial
effect P = 0.001, Time main effect P < 0.001.*, Different from the baseline in all
three trials, P < 0.05. #: Different from the baseline in white bread and dried
mango trials P < 0.05. <: Different from the baseline in dried and fresh mango
trials, P < 0.05. v: Different from the baseline in fresh mango trial, P < 0.05. ¢
Control (white bread); o dried mango; 4 fresh mango.
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emptying which extends a sense of fullness. Therefore, the loss of water
content in dried mango compared to fresh mango provides an expla-
nation as to why fresh mango has a higher satiety effect than dried
mango. Fresh mango not only contains more moisture but more fiber
than the isocaloric dried mango (2.64 g vs 0.74 g). It is well accepted
that fiber rich foods promote satiety [31,32]. Fiber promotes satiation
due to its bulking and viscosity properties causing delayed gastric
emptying which has a significant impact of satiation [32-34]. The high
fiber and water content of fresh mango also qualify it as a high-volume
fruit [35,36]. High volume foods likely maximize contact with gut re-
ceptors [35] including leptin, which signal to the brain a sense of full-
ness [37]. All these factors help explain the higher satiety effect of fresh
mango versus dried mango in our study. Furthermore, various hormones
are secreted from the gastrointestinal tract following fiber consumption,
which promotes satiety [31]. For example, cholecystokinin (CCK) is
secreted by the small intestine during the digestive process and is one
hormone responsible for promoting satiation once food enters the small
intestine [38]. Fiber has been shown to extend the release of CCK by
prolonging the digestive process and gastric emptying [39], thus
inducing satiation for a longer period [33]. Future studies are still
needed to understand the satiety hormone responses between fresh
mango vs dried mango.

Fresh mango lowered postprandial glucose levels in comparison to
the isocaloric dried mango and control. Fresh fruit has been linked to
lowering blood glucose and decrease the risk of type 2 diabetes [40].
There are many available studies assessing the effects of mango, mango
products and byproducts on fasting blood glucose and postprandial
glucose. For example, it has been demonstrated that fresh mango im-
proves postprandial glucose in healthy, overweight, and obese adults
compared to a cookie control [21,41]. Wall-Medrano et al. [42] found
that the dietary fiber in mango byproducts (peel, seed, seed husk) can
lower postprandial glucose by delaying the rate of glucose absorption.
Moreover, mango peel extracts showed glucose-lowering effect for the
prevention of type 2 diabetes [43]. Lastly, Evens et al. [15] found that
12-week consumption of freeze-dried mango lowered fasting blood
glucose in obsess individuals. Overall, the results found in the present
study align well with the findings of previous literature.

The mechanisms for mango and fruit lowering glucose are likely
attributed to its dietary fiber. Fiber is not broken down into glucose by
the small intestine like other digestible carbohydrates. Instead, it passes
the gastrointestinal tract undigested into the colon where it is fermented
by gut bacteria. Therefore, it does not lead to prolonged spiked glucose
levels compared to foods that contain digestible carbohydrates and that
do not contain high amounts of fiber. Another potential glucose
lowering mechanism of mango could be due it its abundant bioactive
compounds like mangiferin. Mangiferin has been shown to have anti-
diabetic properties by decreasing glucose levels and insulin resistance by
enhancing insulin sensitivity [44,45]. Additionally, mangiferin is an
inhibitor of glucosidase which are enzymes responsible for the break-
down of carbohydrates [44] Therefore, mangiferin could prevent a large
amount of carbohydrates from being converted to glucose and absorbed
in the intestine. Mango has been shown to up-regulate GLUT4 [23],
which is an insulin-responsive glucose transporter responsible for
maintaining postprandial glucose.

The current study is not without limitations. The short time frame for
postprandial response and one-dose interventions are the primary lim-
itations. Analyzing blood glucose and satiety for a more multiple time
points would provide more clarity to this study. It would be also valu-
able if there are dose-dependent responses on satiety and glucose levels.
In the future, a longer duration study where satiety hormones are
evaluated like leptin and ghrelin and participants’ next meal choice is
monitored would be beneficial to better understand the effects of the
interventions on satiety.

The results of our study are important for controlling blood glucose
and maintaining satiety to prevent over-consumption of calories. This
information has the potential to impact individuals with diabetes and/or
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obesity. Food options that can quickly sustain glucose levels and in-
crease satiety may limit risks present in individuals with diabetes.
Similarly, it would be prudent for individuals who are overweight or
obese to be mindful of kcal intake to mitigate further weight gain.
Weight gain often goes hand in hand with metabolic syndrome which
includes excess abdominal fat, high blood sugar, abnormal cholesterol
and triglyceride levels and high blood pressure. This raises the risk for
diabetes, heart attack and stroke. Foods that provide longer satiation are
key to avoiding excess calories. The results of our study may help guide
people with these conditions to better eating habits to improve their
overall health. The information reported is also relevant for healthy
people to prevent the development of these conditions and maintain
their overall health.
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