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Abstract
Background: The daily consumption of dietary fiber is frequently below suggested recommendations. Using a double-blind, controlled,
randomized study, we assessed the efficiency and tolerance of a fiber-enriched orange juice to supplement fiber intake in women. Materials
and Methods: After 1 week of noninterventional observation, 192 healthy adult women ingested 400 mL of orange juice for 21 days,
which either was not (placebo group) or was enriched with fiber (fiber group). Orange juice ingestion was registered daily and controlled
for each week during the study period. Macronutrient, fiber, and energy intake were determined using a 3-day food record, validated food
chemical composition databases, and the “Pro Diet” software. Gastrointestinal symptoms were self-evaluated daily by scoring 4 grades
of symptom intensity and using a visual analog scale to grade pain severity. Results: No changes were observed for macronutrient and
energy ingestion. For the placebo group (n = 97), the total fiber intake record was under the daily recommended value. In contrast, the fiber
group (n = 95) displayed higher comparative values of total and soluble fiber consumption (P ≤ .001), achieving the daily recommended
values of fiber intake. Both groups reported an increased frequency of slight bloating and rumbles over time (P ≤ .05). The fiber group
also experienced a higher frequency of slight flatulence over time (P = .002). Conclusion: Consumption of fiber-enriched orange juice was
efficient to achieve the daily fiber intake recommendation for women, was not accompanied by intense adverse events, and may represent
a suitable method to supplement fiber intake in woman. (JPEN J Parenter Enteral Nutr. XXXX;xx:xx-xx)
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Clinical Relevancy Statement

recommended requirements, due to low fruit, vegetable,
legume, and cereal consumption.2-5 Low fiber ingestion is
mainly associated with the fact that fiber-rich foods may have
an unpleasant taste for many people, and most are perishable
and require appropriate preparation for consumption.6
Therefore, it is important to not only recognize the health

Although reduced fiber ingestion has been related to several
chronic diseases, its daily consumption is frequently below
suggested recommendations due to low fruit, vegetable,
legume, and cereal consumption. Alternatively, fiber supplements added to widespread intake food could have a better
overall adherence. In our study, the consumption of a fiberenriched orange juice was efficient to achieve the daily fiber
intake recommendation for women, was not accompanied by
adverse events, and may represent a suitable method to supplement fiber intake.
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Introduction
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The physical and chemical properties of dietary fiber are associated with benefits in health maintenance and disease prevention.1 Reduced fiber ingestion has been related to several
chronic diseases, such as metabolic disorders, obesity, type 2
diabetes mellitus, cancer, and cardiovascular diseases (CVDs).1
Despite the health benefits associated with dietary fiber, epidemiological studies have shown that fiber intake is below
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benefits of dietary fiber but also identify alternatives to enable
fiber intake at sufficient levels to achieve these health benefits.
In Brazil, specific studies measuring fiber ingestion are
scarce. However, the Brazilian population is estimated to consume less than half of the recommended amount of fruit and
vegetables as recommended by the Food and Agriculture
Organization (FAO) of the United Nations.7 Oranges are the
most produced fruit in Brazil, and its juice is the most consumed fruit juice locally and also around the world.8
The addition of industrialized fibers, such as fructooligosaccharide (FOS), inulin, and polydextrose, to food and beverages is emerging as a potential alternative for achieving the
recommended fiber intake levels.9 However, the introduction
of industrialized fiber types into a routine diet can lead to
digestive disturbances due to excessive fiber consumption.10
This prospective, randomized, double-blind, parallel study in
adult healthy Brazilian women was undertaken to evaluate the
tolerance and effectiveness of a fiber-enriched orange juice
designed to improve fiber consumption.

Table 1. Nutrition Composition per 100 g of Studied Orange
Juices Enriched or Not Enriched With Fiber.

Nutrient

Orange Juice Without
Fiber Addition
(Placebo Group), %

Orange Juice
Added With Fiber
(Fiber Group), %a

81.8
7.3

81.8
7.3

Water
Concentrate
orange juice
Sugar
Flavor
Citric acid
FOS P95
Nutriose
Polydextrose

7.7
0.0025
0.25
0
0
0

7.7
0.0025
0.25
1.06b
1.25c
0.29d

FOS, fructooligosaccharide.
a
2.25% fiber in the finished product.
b
Equivalent to 0.96% fiber from FOS.
c
Equivalent to 1.03% fiber from Nutriose (Roquette, Lestrem, France).
d
Equivalent to 0.26% fiber from polydextrose.

(≥3 times/wk) of industrialized fibers or products containing
prebiotics or probiotics, including yogurts and dairy drinks.

Materials and Methods
Ethical Considerations
The current study was registered in the Clinical Trials
Database (ID: NCT 01282983) and performed according to
the ethical recommendations of the Declaration of Helsinki,
the Ethical Committee of the Real e Benemérita Associação
Portuguesa de Beneficência do Hospital São Joaquim, and the
Ethical Committee of the University of São Paulo School of
Medicine. All patients enrolled provided written informed
consent.

Patients
Two hundred healthy adult, nonsmoking, and literate women,
aged 18–45 years, from the city of São Paulo, Brazil, were
screened between October 2010 and March 2011 for eligibility to participate in the study. Additional criteria included
adequate intestinal function (excluding individuals with diarrhea or constipation, as evaluated by the Bristol scale11), body
mass index (BMI) between 18.5 and 29.9 kg/m2, stable body
weight over the previous 2 months, use of a contraceptive
method, and normal tolerance for routine ingestion of orange
juice. Other exclusion criteria included diagnosis of a gastrointestinal (GI) disease in the past 12 months, such as gastritis;
cancer history in the past 5 years; previous abdominal surgery; inflammatory bowel disease; renal, heart, or liver disease; diabetes or any metabolic disorder; changes in thyroid
function; history of eating disorders; any treatment for body
weight loss; adherence to any specific diet; any allergy or
food intolerance; alcoholism; pregnancy or lactation; regular
use of antibiotics (30 days before beginning the study) or
medications affecting intestinal motility; and regular intake

Fiber Supplementation
All included volunteers were randomly selected to receive
21 days of orange juice that was enriched (fiber group) or not
(placebo group) with 2.25 g per 100 mL with a fiber mixture
composed of FOS, resistant dextrin (Nutriose; Roquette,
Lestrem, France), and polydextrose. Juice drinking was performed in 2 daily doses (400 mL; total of 9.0 g of fiber) at
different times, with a minimum interval of 6 hours. Fiber and
placebo juices were prepared in 200-mL packages (Tetrapack®,
São Paulo, Brazil) by their manufacturer. They were identical
in appearance (consistency and texture), taste, and smell (compositions in Table 1).
The fiber content and shelf-life stability were verified by the
Indirect Methods of Association of Official Agricultural Chemists:
997-08 (FOS) and 2001-03 (Nutriose and polydextrose). Juices
were stored at room temperature in a dry and airy place until consumption. Juice consumption was monitored weekly when volunteers returned to the consultation with their empty Tetrapak
packages to seek a new supply of orange juice packages and also
by self-reported consumption in their individual diaries.

Data Collection
Data were collected 1 week before fiber supplementation (baseline data) and daily during the 21 days of fiber supplementation.
Each patient kept a specific diary to self-report juice, food, and
beverage consumption; GI symptoms; and evacuation data.
Reported data were monitored weekly by a trained dietitian
(L.M.H.), who also recorded any complication that may have
occurred during the fiber supplementation period.
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Figure 1. CONSORT flowchart of study participants. *Stomach pain and bloating (n = 1) and not attended medical appointments (n =
2). **Heartburn (n = 1), body mass index >29.9 kg/m2 (n = 1), and loss of juice ingestion (n = 3).

Nutrition Intake Documentation

Sample Size and Statistical Analysis

Data were collected at baseline by 24-hour food recall and during the 21 days of fiber supplementation, using the 3-day food
record.12 A representation of the participant’s normal food intake
pattern was determined through her diary records. For the 3-day
food record, the participant was asked to self-record the type and
amount of food and beverages consumed. This was done on 3
nonconsecutive days of each study week, one of which was on
the weekend. In this way, 9 food records per participant were
obtained from the beginning to the end of the study.
The obtained data were used to calculate the consumption of
total dietary fiber, soluble fiber, and insoluble fiber, as well as
energy, protein, carbohydrate, and fat intake via the software “Pro
Diet version 2012” (Dietpro 5.5; Software de Nutrição, Viçosa,
Brazil). The following data sources were used to determine food
chemical composition: the food chemical composition table,13
the Brazilian food chemical composition table TACO,14 and the
nutrition information provided on the food label.

The sample size for this study was calculated by assuming a
ratio of GI symptoms of at least 2 and considering a 25% incidence in the placebo group. Fisher exact test was used to compare proportions with a significance level of 5% and 90%
power. The calculation indicated that 71 cases in each group
were needed to determine a difference.15 Considering possible
losses of individuals during the fiber supplementation stage,
we included 40% more individuals per group.
Sample homogeneity was tested for all variables using the
Kolmogorov-Smirnov test. Tolerance data were evaluated
weekly according to the mean frequency of each symptom,
independently of its graduation, and by considering the different grades from the VAS. To compare means, the Student t test
was used when the variables were normally distributed, and a
nonparametric Mann-Whitney test was used otherwise.
Descriptive variables were compared by the χ2 test or the
Fisher exact test when the approach of the first was not adequate. Nutrient consumption and fiber tolerance were statistically analyzed during the period of juice intake, evaluating the
effect of time and groups, as well as whether any interaction
between them occurred. For this analysis, we used the nonparametric analysis of ordinal data for repeated measures with
2 factors, Wald and analysis of variance (ANOVA) type, as
proposed by Brunner and Langer.16 A significance level of 5%
was considered for all tests, which were performed using the R
program (version 2.14.3; R Foundation, Vienna, Austria).

Tolerance evaluation. On a daily basis, volunteers selfrecorded their perception of abdominal manifestations (reflux,
eructation, heartburn, stomach burning, burning pain, nausea,
vomiting, colic, fullness, abdominal pain, bloating, rumbles,
meteorism, flatulence, effort and pain to evacuate). These
recordings were graded according to 4 scores (0, no symptoms;
1, tolerable symptoms; 2, bothersome symptoms; 3, symptoms
impairing daily activities).
Participants also self-evaluated pain intensity daily by using
a visual analog scale (VAS) with increasing grades of pain
severity (0, no pain; 2, some pain; 4, mild pain; 6, moderate
pain; 8, severe pain; 10, worst pain imaginable) and recorded
stool frequency and stool consistency and shape (classified by
the Bristol scale: 1, nut-like; 2, lumpy sausage; 3, sausage with
cracks; 4, smooth snake; 5, soft blobs; 6, fluffy pieces; and
7, watery).
All these participants’ personal registers were done after
being carefully instructed by a trained dietitian (L.M.H.) using
a specific manual, which was taken home to record the required
information daily, as they had been instructed.

Results
Patients
We randomized 200 patients to 2 groups (100 patients per
group). Eight patients (placebo group: n = 3; fiber group: n = 5)
provided incomplete data and were excluded from statistical
analysis. Figure 1 shows a CONSORT diagram demonstrating
the flow of participants. From the 192 women who completed
the study, 58% consumed juice without any failure (2 daily
complete doses) during the 3 fiber supplementation weeks. The
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Table 2. Baseline Demographic and Descriptive Data of the
Study Population.
Characteristic
Age, y
Disease,a %
Medical drugs use, %
Cardiac frequency, bpm
Systolic pressure, mm Hg
Diastolic pressure, mm Hg
Body temperature, °C
Body weight, kg
Body mass index, kg/m2
Individuals performing
physical activity, %

Placebo
Group

Fiber
Group

P Value

29.0
26.3
4.5
78.2
114.3
73.2
35.9
63.0
23.6
28.4

28.6
25.8
5.2
78.7
114.5
74.8
35.8
61.3
23.1
34.0

.748
.940
1.000
.730
.880
.420
.100
.210
.190
.439

a

Presence of diseases not considered as exclusion criteria (eg, hypertension).

average rate of individual compliance of correct juice consumption was 97.5%. At baseline, the placebo and fiber groups were
well matched for demographic and descriptive data (Table 2).

Nutrient Intake
Total fiber consumption (P < .001, Figure 2A) and soluble
fiber consumption (P < .001, Figure 2B) were significantly
higher in the fiber group compared with the placebo group.
Insoluble fiber consumption was similar in the 2 groups (mean
of 4 g/d; P = .120, Figure 2C). Only the fiber group achieved
the daily fiber consumption values recommended by the U.S.
National Cancer Institute (Figure 2A).
There were no differences in fat (P = .611, Figure 3A), carbohydrate (P = .516, Figure 3B), and protein (P = .141, Figure 3C)
intake between placebo and fiber groups. Energy intake changed
over time by increasing in placebo group and decreasing in fiber
group (P = .010), but it was not statistically different between
these groups (P = .170). Considering the Dietary Guidelines of
the Department of Agriculture and Department of Health and
Human Services, carbohydrate intake was lower, fat intake was
higher, but energy intake was according to dietary recommendations. It should be noted that the placebo group had energy consumption near the maximum recommendation, while fiber group
had near the minimum recommendation (Figure 3D).

Tolerance Findings
Patients from both groups presented similar baseline values for
fullness, abdominal pain, bloating, rumbles, meteorism, flatulence, reflux, eructation, heartburn, stomach burning, burning
pain, nausea, and vomit frequencies (P ≥ .05). Different baseline values were observed for colic, which was more frequent
in the placebo group (P = .03, Figure 4A).
Changes in abdominal symptoms were observed within the
groups over time. For both the fiber supplementation and the
placebo groups, the frequency of bloating increased during the

supplementation period (P ≤ .05, Figure 4C) and the frequency
of rumbles increased in the first (P = .004, Figure 4D) and third
(P = .001, Figure 4D) weeks of supplementation compared with
the baseline values. Flatulence was less frequent in the placebo
group at the second week of supplementation (baseline vs second week, P = .038; first vs second week, P = .008) and more
frequent in the fiber group throughout the supplementation
period compared with the baseline week (P ≤ .020, Figure 4B).
Differences between groups occurred only for flatulence, which
was higher in the fiber than in the placebo group after the second week of fiber supplementation (P = .003, Figure 4B).
VAS scores of pain showed increases in the intensity of
bloating (P = .002), rumbles (P = .005), flatulence (P = .003),
and meteorism (P = .012) in both groups at the first and second
weeks of supplementation. These changes ranged from grade 0
to grade 2 of the VAS.
No changes in evacuation frequency were observed during
the study period (P = .968, Figure 5). The fiber group showed
a higher frequency of Bristol scale scores 1 and 2 at baseline
compared with the placebo group (10% vs 5.9%, P = .006);
however, no differences in Bristol scale scores were observed
between placebo and fiber groups during the supplementation
period (P > .050, data not shown). Similar baseline values were
observed for difficulty to evacuate (13.7% vs 18.6%, P = .690)
and pain while evacuating (6.3% vs 4.1%, P = .790); however,
no changes were observed in evacuation symptoms during the
supplementation period (P > .050, data not shown).

Discussion
Adequate dietary fiber intake is recommended by governmental public health agencies to help maintain or improve
health.1,18,19 In the present study, women from the placebo
group displayed fiber consumption values that were below
these recommendations, while women who received orange
juice supplemented with fiber (30% of the recommended daily
intake) achieved a minimum of 20 g, as previously recommended by the National Cancer Institute.18
Reports have shown a deficiency in fruit, vegetable, and
cereal ingestion among Brazilians.6,20 Cited reasons for these
dietary fiber deficits include unpleasant taste, lack of habit, no
time available to purchase and prepare, and high perishable
risk.6 These reasons may account for the low ingestion of fiber
that was presently observed in both groups of women at baseline and in the placebo group throughout the study period.
Highly processed and “fast” foods are commonly ingested in
urban centers, such as São Paulo, which may also contribute to
the low ingestion of fiber observed.21
In the Women’s Health Initiative trial, the development of
educational guidelines to increase fiber intake achieved only a
modest increase in fruit and vegetable intake over a 6-year period
and a decrease in whole-grain intake.22 This finding suggests that
fiber supplements may show a better overall adherence than making substantial improvements in dietary practices.13,22 However,
fiber supplementation can be accompanied by GI discomfort,
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Figure 2. Three-day food record of average weekly consumption of total (A), soluble (B), and insoluble (C) fiber in women after
21 days of ingesting orange juice supplemented or not with fiber (fiber group, n = 95 and placebo group, n = 97). *National Cancer
Institute.2

Figure 3. Weekly consumption of total fat (A), carbohydrate (B), protein (C), and energy (D) in women after 3 weeks of ingesting
orange juice supplemented or not with fiber (fiber group, n = 95 and placebo group, n = 97), based on 3-day food record average.
Energy and fiber content of the ingested orange juice are included in the figures. *Dietary Guidelines of the Department of Agriculture
and Department of Health and Human Services.17

such as flatulence, bloating, abdominal cramps, and eventually
diarrhea.10 Orange juice consumption can lead to gastric adverse
events associated with the acidity of orange, including heartburn,
stomach burning, and burning pain.
According to our data, the consumption of orange juice was
associated with increased bloating and rumbles over time, independent of fiber supplementation. Among the various factors
that might contribute to the generation of these symptoms, we

could include changes in gut microbiota23 by the change in
diet.24 There were high amounts of sucrose in both the placebo
and high-fiber orange juices (7.7 g/100 mL of juice), with each
volunteer having a daily intake of 400 mL of 30.8 g total sugar.
This amount of sugar usually is not taken by women with an
average age of 28 years in Brazil; moreover, many of the women
included in our study were dietitians. It could be possible that
the increase of sucrose intake had propitiated changes in gut

Downloaded from pen.sagepub.com at CIDADE UNIVERSITARIA on April 8, 2015

6

Journal of Parenteral and Enteral Nutrition XX(X)

Figure 4. Significant differences in abdominal symptoms in women at baseline and after 3 weeks of ingesting orange juice
supplemented or not with fiber (fiber group, n = 95 and placebo group, n = 97).

Figure 5. Mean number of bowel movements for women after 3
weeks of ingesting orange juice supplemented or not with fiber
(fiber group, n = 95 and placebo group, n = 97).

microbiota, therefore contributing to the occurrence of these
symptoms. Our present data suggest a potential relevance to
decreasing the addition of sucrose in industrialized orange
juices supplemented or not with fiber.
In the present study, fiber supplementation was associated
only with increased flatulence, which has been previously
reported.25,26 Women from the placebo group experienced a

low flatulence frequency, but only at the second week of fiber
supplementation, suggestive of a placebo effect. This effect
was frequently observed in our other fiber supplementation
studies, suggesting that studies evaluating the issue would
require more than 2 weeks of intervention.27,28
Dietary fiber can increase fecal bulking and viscosity, due
to the bifidogenic effect and accumulation of bacteria mass for
fiber degradation (soluble fibers) and water retention (insoluble fibers).29 These properties may stimulate intestinal peristalsis, decrease intestinal transit time, and enhance evacuation
frequency,29 but no changes were observed in terms of evacuation frequency, stool consistency and shape, or GI symptoms
related to evacuation in the fiber or placebo group.
Importantly, although our women experienced more bloating, rumbles, and flatulence when consuming the high-fiber
orange juice, data from the VAS of pain revealed that the intensity of these symptoms was slight. In addition, we observed a
high average rate of individual compliance of correct juice
consumption (97.5%). Therefore, when consuming fiber-supplemented orange juice, these adverse events seemed to be sufficiently minor so as not to impair juice ingestion.
Women from the fiber group also experienced a higher frequency of colic, with scores of 1 or 2 on the Bristol scale at
baseline. There is no specific explanation as to why this
occurred. Notwithstanding, these baseline differences most
likely did not influence our findings, as both groups displayed
similar colic complaints and Bristol scores throughout the supplementation period.
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Some limitations of our study should be highlighted. It
included only healthy young adult women, and similar results
may not be achieved in other age groups or in men. We did not
perform an intent-to-treat analysis; however, our patient compliance failure was less than 10% of the total sample. Although
current guidelines suggest a minimum intake of 25 g of fiber
per day for young women,18,30 this study was designed aiming
to achieve a minimum 20 g of fiber/d intake as previously suggested by the National Cancer Institute and still adopted in
some countries.31 The new U.S. fiber intake recommendations
could be achieved by increasing the daily doses of orange
juice, but we do not know the repercussions of digestive symptoms. The increase of fiber consumption after ingestion of
supplemented orange juice was accompanied by a higher
intake of soluble fiber but not of insoluble fiber. These observations reinforce the efficiency of the studied fiber-enriched
orange juice, which was supplemented with FOS and Nutriose
polydextrose, components characteristic of soluble fiber.
Soluble fiber is associated with metabolic and intestinal benefits, but the impact of the consumption of supplemented orange
juice on health benefits was not evaluated.1
In conclusion, our data demonstrate a deficiency in fiber
ingestion by Brazilian women that was corrected by supplementing fiber in an orange juice form. This finding was not
accompanied by intense adverse events.
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