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Abstract
Jabuticaba is a Brazilian berry rich in polyphenols, which may exert beneficial effects on metabolic diseases. This randomised crossover study
aimed to determine the effects of jabuticaba juice (250 ml in a portion) on postprandial response. Sixteen healthy subjects (eleven women; five
men; 28·4 (SD 3·8) years old; BMI 21·7 (SD 2·3) kg/m−2) consumed two test products after fasting overnight in a randomised controlled crossover
design. Each test product portion had a similar composition of sugar components: 250 ml water with glucose, fructose, coloured with artificial
non-energetic food colourings (placebo), and 250ml of jabuticaba juice. Beverages were administered immediately before a carbohydratemeal.
Blood samples were collected at 0, 15, 30, 45, 60, 90 and 120 min after each test product to analyse the concentrations of glucose, insulin,
C-peptide, antioxidant capacity, plasma glucagon-like peptide-1 (GLP-1) and appetite sensations. Compared with the placebo, the intake of
jabuticaba juice resulted in a higher GLP-1 response as the AUC and peaking at 60 min. Jabuticaba juice also resulted in higher antioxidant
capacity. Postprandial glucose, insulin, C-peptide levels and appetite sensations were not significantly different between tests. In conclusion,
250 ml of jabuticaba juice before a carbohydrate meal was able to improve the antioxidant status and GLP-1 concentrations in healthy subjects.
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Non-communicable diseases, including CVD, type 2 diabetes
and cancer, have increased worldwide and are the main cause
of global mortality(1). An unhealthy lifestyle, which includes
physical inactivity, an unhealthy diet and overweight/obesity,
can cause imbalanced blood sugar and high blood pressure
and cholesterol levels, increasing the risk of non-communicable
diseases. However, a healthy diet based on plant foods can help
maintain a healthyweight and reduce pre-existingmetabolic risk
factors, and consequently the metabolic syndrome(2–4).

The intake of meals with a high simple sugar and low fibre
content quickly promotes postprandial increases in blood
glucose and insulin levels, progressing to oxidative stress
and inflammatory challenges(5,6). If this metabolic dysregula-
tion persists for a long period, the risk of metabolic syndrome
may rise, by increasing hunger, reducing insulin sensitivity
and promoting low-grade inflammation and abnormal blood
vessel function(7–10).

Berries are excellent food choices in a healthy diet, since they
are rich in nutrients and bioactive phytochemicals(11). Evidence
shows that berries present beneficial effects on postprandial

glucose metabolism(12–18). These beneficial effects can be attrib-
uted to the phenolic compounds, especially anthocyanins
present in dark-coloured fruits, such as blueberry, grape, pome-
granate and jabuticaba, which came to be called superfruits(19).
Polyphenols may reduce oxidative stress(20) and modulate
inflammatory status(21). These compounds have been shown
to inhibit digestive enzymes and intestinal transporters, slowing
low glucose absorption into the blood(22). It is also known that
polyphenols can modulate gut microbiota and immunological
and metabolic processes(23,24). Another recently proposed
mechanism is the modulation of gut hormones, such as gluca-
gon-like peptide 1 (GLP-1). GLP-1 is an incretin hormone
secreted by L intestinal epithelial cells in response to food
intake(25). It is known to induce metabolic actions by stimulating
glucose-dependent insulin secretion(26), delaying gastric empty-
ing(27), increasing satiety(28) and affecting the gut–brain axis(29).

Jabuticaba (Plinia jabuticaba) is a native Brazilian berry that
produces spherical fruits with purple peel, white pulp and sweet,
astringent and slightly acid flavour(30,31). Jabuticaba has been
reported to contain anthocyanins, tannins, phenolic acids and
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flavonoids and is also rich in dietary fibre. Anthocyanins are
the major polyphenols found in jabuticaba(31–34). Chronic
and acute supplementation of foods rich in anthocyanins
can promote beneficial changes in health markers(35). Thus,
anthocyanin-rich berry meals (made of bilberries, blackcur-
rants, cranberries and strawberries) have been beneficial for
GLP-1 response after sucrose ingestion(13).

This study aimed to obtain more scientific knowledge about
the effect of the whole-fruit jabuticaba juice, ingested as a 250 ml
portion, on the postprandial glucose metabolism induced by
intake of a carbohydrate meal. The primary outcomes in the
study were incremental glucose and insulin peaks (the area
under the glucose and insulin curves), which were derived
from blood glucose and insulin concentrations measured at
0–120 min. The secondary outcome was the investigation of
effects on postprandial C-peptide, GLP-1, antioxidant status
and appetite response. Based on the beneficial effects of jabu-
ticaba peel intake previously researched(34,36), the hypothesis
is that jabuticaba juice can attenuate the increase of glucose
and insulin concentrations. This preliminary clinical trial will
help to understand the impact of jabuticaba on postprandial
glycaemia, enabling its use in association with metabolic
changes in future studies.

Methods

Ethical aspects

This research was conducted according to the Declaration of
Helsinki and approved by the Human Research Ethics Committee
of the University of Campinas, Brazil (CAAE: 79825517.
4.0000.5404). This was a controlled, crossover, randomised
and simple-blinded clinical trial, approved by the Research
Ethics Committee of UNICAMP (CAAE: 79825517.4.0000.5404)
and enrolled in the Brazilian Clinical Trials Registry (ReBEC)
(ID: RBR-5NXQY2). Written informed consent was obtained
from all participants, and they were aware of the possibility of
withdrawing from the study at any time.

Participants, recruitment and randomisation

Participants for the study were recruited by an announcement
via social media and email of the University of Campinas. The
inclusion criteria for the participants were as follows: healthy
men and women, aged between 18–40 years, and with normal
weight (BMI 18–25 kg/m2). Exclusion criteria included: age <18
years old; allergy, hypersensitivity or intolerance to any foods/
food ingredients; smoking; a vegetarian or vegan diet; taking a
dietary supplement or receiving any drug treatment; pregnancy
or breast-feeding; diagnosis of diabetesmellitus, hypertension or
reported medical history of CVD, cancer, liver, kidney or bowel
disease.

On the recruitment, the participants contacted the study
researcher, who interviewed them to assess whether they fit
the inclusion criteria (Fig. 1). Sixteen volunteers (eleven women;
five men) were randomly assigned in a crossover design inter-
vention. Each volunteer conducted two visits, receiving bread
along with jabuticaba juice and bread along with control bever-
age. One week after the washout period, treatments were

crossed for the participants and allocated by the order of receiv-
ing beverages (1:1): those receiving control – test and those
receiving test – control. Volunteers did not know in which order
they were receiving the drink. Block randomisation was carried
out by a computer-generated random number list prepared by a
researcher with no clinical involvement in the trial.

Study design and intervention

The study had a randomised, simple-blinded, controlled, cross-
over design with two separate study visits at least 1 week apart
between experimental visits. One week was standardised to be
enough time for polyphenol elimination from the human body.
The study was carried out at the Laboratory of Investigation on
Metabolism andDiabetes, Gastrocentro, University of Campinas,
Brazil.

To better observe the effect of the acute consumption of jabu-
ticaba juice on antioxidant activity, subjects were instructed to
follow a low-phenolic diet and to avoid alcohol and excessive
physical exercise 2 d before each intervention. The low-phenolic
diet consisted of unflavoured dairy products, white bread, red
meat, pork, chicken, fish, eggs, pasta (not whole grain), potatoes
and white rice. Participants were asked to avoid phenolic-rich
foods or beverages: fruits, vegetables, fruit juices, tea, coffee,
nuts, seeds, chocolate, whole-grain products and alcohol in gen-
eral. During cooking, the use of butter rather than vegetable oils
was encouraged, and onions and garlic were avoided. A list of
foods that could be eaten and those that should be avoided
was given to volunteers. These guidelines and a 48-h dietary rec-
ord to be filled out by the participants were delivered at recruit-
ment. The food records were verified and participants who did
not adhere to the low-phenolic diet were excluded from
the study.

Each test visit was conducted with the following procedure:
the test was carried out in the morning after 10–12 h fasting.
When arriving at the laboratory, participants were weighed
and then stood in a supine position for 10 min, before having
their blood pressure measured by auscultatory technique(37).
Subsequently, a catheter (BD Insyte™ Autoguard™; Becton
Dickinson andCompany)was placed in the forearm, and venous
fasting blood samples were taken for baseline measurement.
Afterwards, the jabuticaba juice or the placebo beverage was
served and consumed within 5 min. After 10 min, a portion of
white wheat bread was served and requested to be consumed
in its entirety within 10 min. The 15 min given since the first
sip of juice would allow the liquid to reach the small bowel, thus
favouring the interaction of the drink components with the
digestive system(38). Blood samples were taken at 15, 30, 45,
60, 90 and 120min after the start of white wheat bread consump-
tion. Appetite ratings were assessed using standard subjective
100-mm visual analogue scales immediately after each blood
sampling.

Intervention beverage and standard bread

Jabuticaba fruits (Plinia jabuticaba) were obtained from a
producer in the city of Casa Branca/SP, Brazil, in November
2017. The fruits were selected, washed in tap water, sanitised
with a 150 mg/l chlorine solution for 10 min, rinsed in potable
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water and frozen at –18°C. Jabuticaba juice was produced by
homogenisation of whole fruit (pulp, seed and peel) with the
addition of water in a proportion of 1:1 (w/w). Then, the juice
was subjected to processing by high isostatic pressure at 600
MPa for 5 min at 25°C. The total polyphenol concentration
was estimated from a direct analysis by the Folin–Ciocalteu
method and expressed as mg of gallic acid equivalent(39). The
total monomeric anthocyanin content(40) was expressed in cya-
nidin-3-glucoside equivalent. The nutritional compositions
were analysed using standard methods of the Association of
Official Analytical Chemists(41) in triplicates. The placebo bever-
age was formulated to have the same energy content as the
jabuticaba juice, but lacking phytonutrients such as phenolic
compounds and dietary fibres. It was composed by adding
the sugars in a similar concentration to that found in jabuticaba
juice composition (1·6 % glucose and 2·2 % fructose, as analysed
by HPLC(42)) and coloured with artificial non-energetic green
and red food colourings to resemble the jabuticaba juice. Both
drinks were served cold in dark cups to minimise visual compar-
isons. The two meals consisted of 118·0 (SD 5·7) g white wheat
bread (50 g available carbohydrate as analysed by the method
of McCleary et al.(43)). The nutrient composition of the test meals
is shown in Table 1.

Anthropometric, biochemical and appetite sensation
measurements

Anthropometric characteristics (weight (kg), height (cm) and
waist circumference (cm)) were measured. The tetrapolar
bioelectrical impedance method was used to assess body
composition (Biodynamics 450, TBW). To obtain serum,
venous blood samples were collected in an SST™ BD

Vacutainer® (Becton Dickinson) and allowed to stand for clot-
ting before undergoing centrifugation (3000 rpm for 10 min).
Also, blood samples were collected into K2-EDTA to obtain
plasma (3000 rpm for 10 min). An inhibitor of dipeptidyl pep-
tidase-4 (DPP-4; Diprotin A/ile; Sigma-Andrich) was added to
the plasma collection tubes for later determination of GLP-1.
Aliquots were immediately stored at –80°C until further
analysis.

The blood glucose levels were measured with the Glucose
Analyzer YSI 2700. Serum insulin (chemiluminescence), serum

Fig. 1. Flow diagram of the progress through the phases of the randomised trial.

Table 1. Nutrient composition of jabuticaba juice, control beverage and
white wheat bread

Jabuticaba
juice

Control
beverage

White
wheat
bread

Amount (ml/g) 250·0 250·0 118
Carbohydrate, g 11·5 9·5 50·0
Fibre, g 2·0 – –
Glucose, g 4·0 4·0* –
Fructose, g 5·5 5·5* –
Protein, g 0·3 – 15·0
Fat, g 0·7 – 1·6
Energy, kcal† 45·5 38 274·4
Total polyphenols, mg of GAE‡ 503·5 – –
Total monomeric anthocyani-

dins, mg§
8·0 – –

* Analysed in the jabuticaba juice and added it to the control beverage.
† Total energy content was calculated by multiplying the grams of each energy source
and the amount of energy per gram of each energy source (fat= 9 kcal/g; carbohy-
drate= 4 kcal/g and protein= 4 kcal/g).

‡ Total polyphenols were determined with the Folin–Ciocalteu method and expressed
as mg of gallic acid equivalent (GAE).

§ Total monomeric anthocyanidins were defined by the Lee et al.(40) method.
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C-peptide (electrochemiluminescence) and plasma GLP-1
(GLP-1 Total ELISA kit; Thermo-Fisher Scientific) were mea-
sured. The antioxidant capacity of the serum was measured
according to the hydrophilic oxygen radical absorbance
capacity (ORAC) assay(44). Absorbance readings for the
respective biomarkers were performed on the Biothek HT
microplate reader.

Insulin resistance index (HOMA-IR), insulin sensitivity index
(OGIS), insulinogenic index (IGI), estimated first phase (FP-ISest)
and second phase (SP-ISest) insulin secretion were used as a
measure of β-cell function. These indices are based on statis-
tical models using stepwise linear regression analysis. The
variables in the model assumed the availability of determina-
tions at 0, 30, 60, 90 and 120 min. The HOMA-IR index
was calculated using the following formula: HOMA-IR =
((insulinfasting mU/l) × (glucosefasting mg/dl)/405)(45). OGIS
was used as a measure of insulin sensitivity calculated
with the formula: OGIS = f (glucosefasting, glucose90 min,
glucose120 min, insulinfasting, insulin90 min, D), using the avail-
able spreadsheet (http://webmet.pd.cnr.it/ogis/)(46). IGI was
calculated with the following formulas: IGI = (insulin30 min –

insulinfasting/glucose30 min – glucosefasting), FP-ISest = (728þ
3·537 × insulinfasting − 120·3 × glucose60 minþ 1·341 ×
insulin60 minþ 21·27 × BMI) and SP-ISest = (208þ 0·335 ×
insulin60 min − 26·33 × glucose60 minþ 0·887 × insulinfastingþ
3·933 × BMI)(47).

Subjective appetite profile was measured using 100-mm vis-
ual analogue scales(48). The appetite profiles measured include
ratings of ‘hunger’ (How hungry do you feel?), ‘desire to eat’
(How strong is your desire to eat?), ‘satiety’ (How satiated
(i.e., pleasantly satisfied) are you?), ‘fullness’ (How full do you
feel?) and ‘prospective consumption’ (How much food do you
think you could eat right now?), all anchored by the terms ‘not
at all’ and ‘extremely’(48,49).

Statistical analysis

A sample size of fifteen subjects was calculated to provide
>80 % power to detect any significant differences of the main
effect on blood glucose considering a type I error of 0·05
(2-tailed). Each participant served as his or her control(50,51).
Thus, the aim was to recruit eighteen participants, allowing
for a 15 % drop-out rate.

Data analysis was performed using the SPSS Statistics
Software, version 24 (SPSS Inc.). Statistical significance was con-
sidered at a P-value≤ 0·05. Two-way repeated-measures
ANOVAwas used for treatment and treatment× time interactions
using GraphPad Prism software (GraphPad Software Inc.). The
Kolmogorov–Smirnov test was applied to assess the normality of
the data. Parameters with normally distributed data were ana-
lysed by paired t-test and presented by mean values and stan-
dard deviations. All non-normal variables including insulin
(nmol/l), C-peptide (nmol/l), ORAC (mmol TE/ml) and IGIest
(μmol/kg per min per pmol) (variables that did not follow a nor-
mal distribution curve) were transformed before parametric
testing and presented by least squares means and standard devi-
ations. The incremental peaks for GLP-1 values were calculated
by subtracting the fasting value from the highest value. The

incremental peak was calculated for each participant and test
product. The AUC was calculated for the test and control group,
on each subject, using the trapezoid model(52).

Results

Subjects’ characteristics

The subjects’ characteristics are presented in Table 2. A total of
twenty-two eligibility subjects were enrolled after a screening
questionnaire. Four subjects did not meet the study criteria,
and two declined to take part in the study, due to morning
unavailability (n 1) and withdrawal of consent (n 1) (Fig. 1).
Thus, sixteen subjects recruited had completed the study from
June to August 2018. The volunteers reported no adverse effects
of jabuticaba or placebo consumption.

Postprandial glucose, insulin, insulin sensitivity and
C-peptide response

Baseline concentrations of glucose, insulin and C-peptide did
not differ between the two treatments (P> 0·05). There was
no statistical difference in glucose AUC (P= 0·5) and insulin
AUC (P= 0·81). There were no treatment and time × treatment
interactions (P> 0·05). The postprandial changes in blood glu-
cose, serum insulin and C-peptide after the intake of jabuticaba
juice and control beverage are shown in Fig. 2(a, b, and c),
respectively. No significant differences were found for insulin
sensitivity (OGIS, P= 0·99) or β-cell function (IGI, P= 0·18;
FP-ISest, P= 0·91; SP-ISest, P= 0·98) between the jabuticaba juice
and the control beverage (P> 0·05; Table 3).

Postprandial plasma glucagon-like peptide-1 response

The GLP-1 increased after jabuticaba juice intake, peaking at
60 min (P= 0·019). The overall difference in the mean AUC of
GLP-1 concentrations between beverages was statistically

Table 2. Characteristics of healthy subjects who completed the study*
(Mean values and standard deviations)

Characteristic

Participants (n 16)†

Mean SD

Age (years) 28·4 3·8
Male 27·4 3·5
Female 28·8 3·9

BMI (kg/m2) 21·7 2·3
Male 23·2 2·0
Female 21·0 2·2

Body fat 24·9 5·2
Male 19·2 3·6
Female 27·5 3·5

Waist circumference (cm) 71·7 8·7
Male 81·1 5·2
Female 67·9 6·6

HOMA-IR 1·4 0·7
Systolic blood pressure (mmHg) 108·8 8·1
Diastolic blood pressure (mmHg) 71·9 6·6

HOMA-IR: insulin resistance index.
* Data are shown as mean values with their standard error.
† 16 Subjects: n 5 males (31.3%) and n 11 females (68.7%).
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significant (P= 0·03) (Table 3). Postprandial plasma GLP-1 is
shown in Fig. 3.

Postprandial serum antioxidant capacity by oxygen radical
absorbance capacity response

The serum ORAC increased after jabuticaba juice consumption,
peaking at 90 min (P= 0·04). The postprandial AUC antioxidant
capacitymeasured byORAC 120min after jabuticaba juice intake
was 17·2 % higher compared with the intake of the control

beverage (P= 0·005). The serum antioxidant capacity remained
similar to the baseline after control beverage ingestion (Fig. 4;
Table 3).

Subjective appetite ratings

Jabuticaba juice did not significantly change the postprandial
subjective appetite responses in ‘hunger’, ‘desire to eat’, ‘sati-
ety’, ‘fullness’ and ‘prospective consumption’ compared with
the control beverage. There were no treatment and time ×
treatment interactions (P > 0·05; Fig. 5) for all five appetite
ratings.

Discussion

This study hypothesised that jabuticaba juice could inhibit the
rise in blood glucose and insulin concentration following a
high carbohydrate meal in healthy volunteers. However, no
effects were observed in these primary outcomes. The main
findings of the study are that the consumption of the jabuti-
caba juice increased serum antioxidant capacity and GLP-1
response after a white wheat bread meal consumption. This
is the first study to examine the effect of jabuticaba juice on
postprandial glucose metabolism, subjective appetite and
incretin GLP-1.

Quercetin 3-(2'',3'',4''-triacetylgalactoside), quercetin 3-(6''-
acetylgalactoside)-7-rhamnoside, quercetin-3-o-glucoside,
quercimeritrin, rutin, kaempferol, syringin, jaboticabin, cyani-
din-3-o-glucoside, HHDP-galloylglucose and ellagic acid pen-
tose were identified in the jabuticaba juice, according to a
previous study(56). The jabuticaba juice intake increased the
AUC of antioxidant capacity (ORAC, AUC), probably due to
the presence of polyphenols and their metabolites in the blood
of the test subjects(57). After 120 min of jabuticaba juice intake,
ORAC values slightly decreased compared with 60 min but were
still higher than the control drink ones. Jabuticaba fruit is a source
of polyphenols and fibres and has a recognised function in met-
abolic parameters in non-clinical reports(53–55). In addition, a
pilot clinical trial indicated that jabuticaba peel (27·6 g offering
1·25 g polyphenols) might be beneficial by decreasing insulin
and glucose levels and increasing antioxidant status after the sec-
ond meal in healthy volunteers(34).

The jabuticaba juice increased AUC and incremental peak
of plasma GLP-1 concentrations compared with the control
beverage. Total GLP-1 was greater in the jabuticaba juice
meal, as shown by an increase in the AUC throughout the
2-h dynamic test. Similar results in GLP-1 concentration have
been reported in previous studies with polyphenol-rich foods,
such as a berry-mix puree (800 mg polyphenols)(13), cinna-
mon(58) and coffee (∼200 μmol chlorogenic acids)(59) in
healthy volunteers. The elevation in plasma GLP-1 concentra-
tion may be due to the direct effects of total dietary fibre and
polyphenols. The presence of dietary fibre seems to promote
the modulation of GLP-1(60). Human studies have highlighted
the acute impact of dietary fibre on increasing the postpran-
dial GLP-1 responses and prolonging their postprandial
peaks(61). Polyphenols, such as anthocyanins, flavonols, phe-
nolic acids, proanthocyanidins and ellagitannins, may affect L
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Fig. 2. Postprandial blood glucose (a), insulin (b) and C-peptide (c) concentra-
tions in healthy weight men and women at baseline and after consumption of the
jabuticaba juice meal and the control beverage meal. Values represent the
mean values and standard deviations of raw data. *P< 0·05 v. control at respec-
tive time intervals; n 16. (a) Glucose response: time effect, P< 0·001; treatment
effect,P= 0·61; time× treatment interaction,P= 0·63. (b) Insulin response: time
effect, P< 0·0001; treatment effect, P= 0·98; time × treatment interaction,
P= 0·51. (c) C-peptide response: time effect, P< 0·0001; treatment effect,
P= 0·63; time × treatment interaction, P= 0·65. , control; , jabuticaba
juice.
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cells in the intestine or inhibit the enzyme DPP-4, which rap-
idly hydrolyses GLP-1 into a shorter and inactive mol-
ecule(62,63). Over the past decade, synthetic inhibitors of the
DPP-4 enzyme have emerged as an effective approach for
treating type 2 diabetes. These inhibitors exert their effect
by preventing the inactivation of incretin hormones by
DPP-4 in the gut so that they can play their role in glycaemic
regulation(62). More recently, food components have been
suggested as sources of DPP-4 inhibition, with the potential
to help control blood glucose levels(63). Recent research sug-
gests that the ability of its constituents to inhibit the enzyme
DPP-4 could be one of the mechanisms of action underlying
the antidiabetic effect of various foods(64). Experimental pro-
tocols and clinical trials have shown that phenolic compounds
can help regulate blood glucose levels(63,64). Polyphenol-
modulating GLP-1 is a field of growing interest when consid-
ering type 2 diabetes and obesity management, since it stim-
ulates insulin secretion, but experimental evidence is scarce
and limited. Overall, polyphenols have been reported to
increase rodent plasma incretin levels, promote their release
into enteroendocrine cell cultures and inhibit DPP-4 enzyme
activity(65).

No significant differences in primary outcomes, blood glu-
cose regulation, insulin level, insulin sensitivity and C-peptide
were found between the jabuticaba juice and the control bever-
age. In this study, the increase in GLP-1 concentrations after
jabuticaba juice intake did not stimulate insulin secretion nor
reduced blood glucose or postprandial feeling of hunger. The
stimulation of insulin secretion byGLP-1 depends on the amount
of glucose and other macronutrients ingested(25); besides that, all
the volunteers in the study are healthy and have a good regula-
tion of glycaemic homoeostasis. The jabuticaba meal contained
61·5 g of glucose from the fruit and bread, and probably was too
small to evoke GLP-1 mediated insulin release. A glucose

Table 3. Metabolic parameters; AUC for glucose, insulin, pep-C, GLP-1 and ORAC responses; and GLP-1 incremental peak after the test meals
(Mean values and standard deviations; percentages)

Parameter

Control Jabuticaba juice

%† PMean SD Mean SD

Glucose, fasting (mmol/l) 4·68 0·27 4·67 0·36 –0·21 0·90
Glucose, AUC (mmol/l) 685·5 59·7 699·8 79·9 2·08 0·50
Insulin, fasting (pmol/l) 37·8 21·2 45·1 15·0 19·3 0·31
Insulin, AUC (nmol/l)* 269 127 274 99 2·1 0·81
Pep-C, fasting (nmol/l)* 0·6 0·2 0·6 0·2 5·9 0·20
Pep-C, AUC (ng/ml) 216·6 59·0 227·8 53·9 4·6 0·45
GLP-1, fasting (ng/ml) 0·74 0·3 0·95 0·6 28·7 0·06
GLP-1, AUC (ng/ml)* 82·7 24·6 95·6 41·4 15·5 0·03
GLP-1, iPeak (ng/ml) 0·71 0·2 1·21 0·5 69·3 0·019
ORAC, fasting (mmol TE/ml) 0·28 0·1 0·31 0·1 11·7 0·31
ORAC, AUC (mmol TE/ml)* 32·4 8·4 37·9 19·4 17·2 0·005
OGIS (ml/min per m2) 459·2 40·9 459·3 43·9 0·0 0·99
IGIest (μmol/kg per min per pmol)* 131·3 77·3 108·3 77·3 –17·5 0·18
FP-ISest 1033·7 250·5 1028·6 194·1 –0·5 0·91
SP-ISest 276·2 46·4 275·9 61·2 –0·1 0·98

FP-ISest, estimated first-phase insulin secretion; GLP-1, glucagon-like peptide-1; IGI, insulinogenic index; iPeak, incremental peaks; OGIS, insulin sensitivity index; SP-ISest, esti-
mated second-phase insulin secretion.
* Values are least-squares means (LSM) and standard deviations.
† Indicate percentage difference in mean concentration compared with control as reference.
Variables with normal distribution were presented by mean values and standard deviations and nonparametric values, by LSM and standard deviations.

1·5

1·0

0·5

0·0
0 30 60

Time (min)
90 120 150

0
Control Jabuticaba juice

50

100

150

(a)

(b)

Fig. 3. Postprandial plasma glucagon-like peptide-1 (GLP-1) (a) and AUCGLP-
1 (b) concentrations in healthy weight men andwomen at baseline and after con-
sumption of the jabuticaba juice meal and the control beverage meal. Values
represent the mean values and standard deviations of raw data. *P< 0·05 v.
control at respective time intervals; n 16. Time effect, P< 0·23; treatment effect,
P= 0·06; time × treatment interaction, P= 0·75. , control; , jabuticaba
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challenge providing a higher dose of available carbohydrates
may be necessary to induce postprandial hyperglycaemia,which
would stimulate insulin secretion resulting in hyperinsulinaemia
in the healthy volunteers of this study. GLP-1 has beneficial
effects on glycaemic homoeostasis in the presence of high gly-
caemic values. Nevertheless, this was not the case for the healthy
and insulin-sensitive volunteers of the study, which explains the
same insulinaemia and C-peptide between test and control bev-
erages. The effect of jabuticaba to control blood glucose and
insulin secretion in patients with diabetes has not yet been evalu-
ated. The antioxidant effect of the acute consumption of jabuti-
caba juice and simultaneous incretin effect observed in non-
diabetic subjects in this study could be a potential ancillary
approach to promote better glucose control among subjects with
type 2 diabetes. A long-term clinical trial involving diabetes
patients is needed to evaluate the effects of jabuticaba supple-
mentation in this condition.

GLP-1 is known to delay gastric emptying mainly of solid
food, increasing satiety(27,28). The present results showed that
ingestion of 250 ml jabuticaba juice increased GLP-1 AUC and
incremental peak concentrations but had no differences in ‘hun-
ger’, ‘desire to eat’, ‘prospective consumption’, ‘satiety’ and ‘full-
ness’ compared with the control beverage. This finding could be
due to the liquid consistency of the juice, which may have been
affected by fasting gastric emptying. The volume and content of
available carbohydrates were adjusted to be similar in both

beverages. The amounts of fat and protein in the jabuticaba juice
were very small (less than 1 g), and fibre content was 2·0 g, not
affecting the appetite results.

This study has some limitations. Based on this study, it is not
known whether the effect of jabuticaba is due to dietary fibre or
polyphenols, or both. Also, the number of male participants was
rather small. The intervention was not performed in the samemen-
strual cycle period for female volunteers; hormonal influences may
have affected the results. Ad libitum energy intake at the sub-
sequentmealwas notmeasured,which couldhave shownwhether
the glycaemic and insulinaemic responses were affected by the
intervention. Moreover, perceived palatability was not measured
in beverages, and this may have influenced appetite assessments.
Further experiments in obese or pre-diabetic/diabetic subjects are
necessary to draw a bigger picture of the effects of jabuticaba on
glycaemic homoeostasis, appetite and GLP-1.

Despite the limitations, a significant increase was observed in
secondary outcomes: GLP-1 concentrations and antioxidant
capacity after acute consumption of jabuticaba juice. This result
contributes to the limited research investigating the effects of
jabuticaba. Furthermore, the findings open possibilities for appli-
cations in food science and nutrition areas. Since GLP-1 is
intrinsically linked to the maintenance of postprandial glucose
homoeostasis, and its increase may benefit people with altered
glucose metabolism, future studies with obese or diabetic volun-
teers will provide clarification about the effects of jabuticaba on
energy balance in these conditions. Clinical trials on jabuticaba
supplementation in the Brazilian population have never been
previously performed.

In summary, despite the results not supporting the hypothesis
of the study, the findings show that ingestion of 250 ml of jabu-
ticaba juice with 503 mg of gallic acid equivalent and 2·0 g of
dietary fibres increased serum antioxidant capacity and GLP-1
response after a carbohydrate meal. Further studies in obese
or pre-diabetic/diabetic subjects may shed light on the effects
of jabuticaba on glycaemia, appetite and energy balance in these
metabolic conditions.
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