Carbohydrate Absorption From Fruit Juices in Infants
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ABSTRACT. Objective. To compare the absorption of
carbohydrate in particular from a lower (10 mL/kg21)
quantity than that previously tested, of white grape juice
and pear juice after a single feeding and after ingestion
twice daily for 2 weeks, and determine their respective
effects on stool water content, in healthy infants.
Study Participants. Twelve healthy, well-nourished
infants, 5 to 9 months of age, who were recruited from the
general population.
Design/Methods. Infants underwent a breath hydrogen test after a serving of pear juice. Three to 5 days later,
the test was repeated after a serving of white grape juice.
Infants were randomly assigned to receive a 10 mL/kg21
serving of grape juice or pear juice twice daily for 2
weeks. The breath tests were repeated after the ingestion
of the juices in the same sequence. With the second
breath test with pear juice, a charcoal marker and 20 mg
13
C fructose, a stable, nonradioactive isotope, were mixed
with the juice. Water content of the stools was compared
before and after the 2-week feeding of the juice, and fecal
samples were analyzed for 13C enrichment by mass spectrometry.
Results. After the ingestion of the fruit juices, only 1
infant had an abnormal peak hydrogen (H2; >10 ppm),
which followed the pear juice. That same infant was the
only one who had H2 levels >10 ppm after grape juice.
There was no significant difference in the peak breath H2
levels after grape juice and pear juice either at the beginning of the study or 2 weeks after taking the juice assigned (2.8 ppm 6 2.9 vs 6.2 ppm 6 9, respectively). The
difference in breath H2 response before and after the 2
weeks of fruit juice intake was not significant. Mean
(6standard deviation) fecal 13C enrichment at baseline
was 3.0 D%o (62.4), which was not significantly different
from after 2 weeks of juice intake (2.4 D%o [61.5]), regardless of the juice assigned: 2.7 D%o (61.6) for grape
juice and 2.2 D%o (61.5) for pear juice. Mean (6standard
deviation) percentage of fecal water at baseline was
24.1% (65.1), which was not significantly different from
after 2 weeks of juice (22.5% [66]), regardless of the juice
received: 21.8% (65.8) for grape juice and 23.2% (66.7) for
pear juice.
Conclusion. When either grape or pear juice is administered in a dosage of 10 mL/kg/day, the carbohydrate is
well absorbed, produces no adverse gastrointestinal
symptoms, and has no effect on stool water in healthy
infants. Pediatrics 2000;105(1). URL: http://www.
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F

ruit juices have become a common component
of an infant’s diet at a very early age.1,2 For a
variety of reasons, among which is a misinterpretation of appropriate quantities of healthy weaning foods, infants sometimes are fed large amounts
of fruit juice. Carbohydrate malabsorption from fruit
juices may cause diarrhea and abdominal pain3–9 and
is more likely to occur with juices that contain sorbitol and with those in which the fructose-to-glucose
ratio is .1.3–10 Sorbitol not only is incompletely absorbed in the small bowel, but also interferes with
fructose absorption,11 which is facilitated by equimolar amounts of glucose.12,13 The carbohydrate composition of white grape juice and orange juice favors
carbohydrate absorption, whereas that of apple and
pear juice is less conducive to complete absorption
(Table 1).5–10 White grape juice has an almost equimolar amount of glucose and fructose and contains no
sorbitol. Apple and pear juices contain more fructose
than glucose and also have sorbitol. In addition,
depending on the industrial processing, fruit juices
can differ substantially from each other by the
amount of soluble fiber, another source of hydrogen
production.
When carbohydrate is incompletely absorbed by
the small bowel, it reaches the colon, where it is
fermented by intestinal bacteria. Among the byproducts of this fermentation are gases such as hydrogen
(H2), which is partially absorbed through the colonic
mucosa, transported to the lungs, and exhaled in the
breath, where it can be measured.14 Some authors
have postulated that fructose, not sorbitol, is the
sugar responsible for H2 production after apple juice
consumption.15,16 Carbohydrate arriving in the large
bowel also attracts water; therefore, whenever substantial carbohydrate malabsorption occurs, stools
are looser. When a large amount of carbohydrate is
malabsorbed on a daily basis, the pH of the colonic
lumen falls below the pK of the enzymes that bacteria use to ferment carbohydrate, and H2 production
decreases.17
Most of the studies performed so far regarding the
absorption of different fruit juices involve breath
sampling for H2 after a single feeding of the juice
tested,4 –10 with volumes ranging from 15 to 20 mL/
kg21. Those volumes, however, may be too large for
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Carbohydrate Composition of Fruit Juices (g/dL)9

TABLE 1.
Juice

Fructose Glucose Fructose/ Sucose Sorbitol
Glucose

Apple
Pear
White grape

6.2
6.4
7.5

2.7
2.3
7.1

2.3
2.8
1.1

1.2
.9
0

0.5
2.0
0

the infant’s intestinal absorptive capacity.18 This
study was designed to: 1) compare the absorption of
carbohydrate from white grape juice and pear juice
after the intake of what we consider an appropriate
volume of juice; 2) compare the malabsorption of
fructose from each type of juice, using a stable isotope methodology; 3) determine whether feeding either juice twice daily, for a 15-day period, would
affect the fermentative capacity of the colonic bacteria, as measured by H2 production; and 4) determine
whether the fecal water content was affected by feeding either juice on this feeding schedule.
METHODS
Infants 5 to 9 months of age were recruited from the general
population by contacting women who had delivered their infants
at local hospitals. The study was explained over the telephone. To
qualify for study participation, infants had to be healthy and well
nourished and had not received antibiotics for at least 10 days
before the initiation to the study, nor more than 3 fruit juice
servings per week. Fourteen infants, 3 of whom were female, were
enrolled. Mothers who agreed to participate received, by mail,
written instructions, 2 plastic containers with airtight lids, and
several wooden spatulas. Mothers were instructed to collect on
different days an aliquot of a stool specimen that had not been
contaminated with urine. Specimens were frozen immediately.
Within the following 2 weeks, infants were brought to the metabolic research unit of the Children’s Nutrition Research Center
(CNRC) in the morning, after a 5-hour fast. Mothers brought the
frozen fecal specimens and signed an informed consent.
Infants received a serving of 10 mL/kg21 of pear juice (Table 1).
Breath samples were collected with a face mask, equipped with a
low-resistance, unidirectional flow valve, and a small bag. Samples were obtained before the juice was ingested and at 30, 45, 60,
90, and 120 minutes afterward. Aliquots of breath samples were
transferred to 60-mL plastic syringes with a 3-way stopcock in the
tip. Infants were fed their regular meal and discharged home.
Three to 7 days later, infants returned to the CNRC and the breath
test was repeated after the infants received a serving of the same
volume of the white grape juice (Table 1). Infants were randomly
assigned to receive either grape juice or pear juice. Mothers were
supplied with an appropriate amount of the juice and instructed to
administer 2 daily servings of 10 mL/kg21each for the following 2
weeks. Juices were provided to us, bottled in coded containers by
Welch Foods Inc (Concord, MA).
At the end of that 2-week period, infants returned to the CNRC
and underwent another breath test after ingestion of pear juice.
Mixed with the juice were 3 mL of diluted charcoal, a nonabsorbable colorant marker, and 20 mg of 13C fructose (Cambridge Isotope Laboratories, Andover, MA), a stable, nonradioactive, and
thus harmless isotope of the monosaccharide. The dose of stable
isotope was calculated to increase the fructose content of grape
juice (the juice containing the lower amount of fructose) by no
more than 3%, and to be sufficient so that if $10% of fructose was
malabsorbed, it could be detected in stools.19
Mothers collected an aliquot of the fecal specimen that contained the colorant marker; if it was contaminated with urine, an
additional aliquot from a fecal sample not contaminated with
urine was collected in a different container. Infants returned a
fourth and final time to the CNRC for another breath test after
ingesting the same-sized serving of grape juice received. Mothers
brought the second set of frozen fecal specimens. The summary of
the experimental design is shown in Fig 1.
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Fig 1. Protocol design.

Breath Samples
Samples were analyzed for H2 content using a Quintron DP
Microlyzer (Quintron, Menomonee Falls, WI) within 3 hours of
collection. Results are expressed as parts per million. Peak breath
H2 levels were calculated by subtracting from the highest breath
H2 level obtained during the test the lowest preceding level. Peak
breath H2 levels of 10 ppm over baseline were considered indicative of significant carbohydrate malabsorption.20

Stool Samples
Aliquots of the fecal specimens obtained at baseline and at the
end of the study were placed in preweighed glass tubes, weighed
again, and placed in a Speedvac concentrator (Savant, Farmingdale, NY) for drying. Vials were weighed again and percentage of
dry matter was calculated. For 13C enrichment, an aliquot of ;3
mg of each fecal sample was placed in a 8 3 5 mm tin capsule
(Europa Scientific Inc, London, UK) and dried under vacuum in a
Speedvac concentrator. The capsules were then wrapped and
were ready for analysis. Carbon dioxide gas was produced by a
combustion and purification unit (Roboprep-CN Biological Sample Converter, Europa Scientific Inc). The carbon dioxide gas was
analyzed in a mass spectrometer (Europa 20 –20 Stable Isotope
Analyzer) with an abundant sensitivity in the order of 50 ppm.
The d values were obtained in reference to Pee Dee Belminte value
of 13C/12C 5 .0112372.

Data Analysis
Results of peak breath H2 after servings of grape juice versus
pear juice at baseline and at the end of the study were compared
within subjects by paired t test. One-way analysis of variance,
with the juice received during the 2-week period as a covariate,
was used to compare the results at baseline and at the end of the
study for the following: breath H2 response after ingestion of
grape juice and pear juice, percentage of water in feces, and
isotopic enrichment of feces after 13C fructose administration. Be-
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cause of the presence of a single outlier in the breath H2 test
results, the Wilcoxon rank test for nonparametric analysis was
used.

RESULTS

Two male infants failed to complete the study; the
mother of 1 of the boys did not collect the fecal
sample at the end of the study, and the other mother
only brought her son to the CNRC for the first breath
test. Mean (6standard deviation [SD]) age of the
remaining 12 infants who completed the study was
7.5 (61.3) months (range: 5– 8.5 months), and mean
weight 8.3 (6.3) kg. After ingestion of the fruit juices,
only 1 infant had a peak H2 level that would be
considered abnormal (34 ppm), and that was after
pear juice. He did not develop any symptoms. The
same infant was the only one who had H2 levels $10
ppm (11 ppm) after grape juice consumption. There
was no significant difference in the peak breath H2
levels after grape juice (mean [6SD]; 1.6 ppm [61.1])
and pear juice (2.7 ppm [62.8]) at baseline or 2 weeks
after taking the juice assigned (2.8 ppm [62.9] vs 6.2
ppm [69], respectively). The juice assigned did not
modify the H2 response to any of the juices fed.
Using the Wilcoxon rank test, a significant difference
was found in breath H2 levels only between grape
juice and pear juice (P 5 .05) at the time of the second
testing. Although higher after pear juice, all but 1
peak breath H2 level were ,10 ppm.
Mean (6SD) percentage of water in fecal matter at
baseline was 24.1% (65.1), which was not significantly different from that after 2 weeks of juice
(22.5% [66]), regardless of the juice received: 21.8%
(65.8) for grape juice and 23.2% (66.7) for pear juice
(Table 1).
Mean (6SD) fecal isotope enrichment at baseline
was 3.0 D%o (62.4), which was not significantly
different from after 2 weeks of juice intake (2.4 D%o
[61.5]), regardless of the juice assigned: 2.7 D%o
(61.6) for grape juice and 2.2 D%o (61.5) for pear
juice. This indicates that none of the 13C-labeled fructose administered with the juices was detected in
stools.
DISCUSSION

Consumption of fruit juices by the pediatric population has increased dramatically over the past decade, beginning at 4 to 6 months of age.1,2 Because
fruit juices are considered a snack, there are no recommendations for the amount that infants should
ingest.21–24 The US Department of Agriculture has
determined that 180 mL of juice is the equivalent of
1 fruit serving.25 According to manufacturers, infants
consume an average of 150 mL of juice per day.26 If
this volume were administered in 2 servings a day,
infants between 6 and 12 months of age would receive approximately between 7.5 and 12 mL/kg21
per serving. In most cases, when fruit juices are
consumed in reasonable amounts, they produce no
problems.18 Some parents, however, offer an unlimited amount of juice, which can result in excessive
gas, abdominal pain, and even chronic diarrhea.5–9 In
addition, nutritional changes have been noticed in
association with fruit juice ingestion.27,28 It has been

reported that children who ingest .360 mL per day
of fruit juice are either shorter or heavier than their
counterparts who do not ingest as much juice.27 This
association has been questioned by others.29 The diarrhea and abdominal pain caused by fruit juice
consumption have been attributed to the carbohydrate composition of the juice. In contrast, fermentation in the colon is a normal phenomenon and the
formation of H2 is one of its consequences and
should not be equated with discomfort or pain.
Many breastfed infants produce H2 and are completely asymptomatic and well.
Although all juices contain fructose, not all contain
sorbitol. Sorbitol is a carbohydrate that is not completely absorbed in the small bowel (;10% is absorbed), and it also interferes with fructose absorption.11 When a solution of fructose is administered
with equimolar amounts of glucose, fructose absorption is greater than when fructose is administered
alone.12,13 Apple juice and pear juice have a high
fructose-to-glucose ratio and contain sorbitol, a carbohydrate combination that results in their incomplete small bowel absorption. Other juices, such as
grape juice and orange juice, have an equimolar content of fructose and glucose and no sorbitol, which
results in more complete carbohydrate absorption.
Studies to investigate digestibility of carbohydrate
from fruit juice have used the breath H2 test.4 – 8,10,26
The breath H2 test provides a semiquantitive measure of carbohydrate malabsorption. Breath H2 levels
depend on a series of factors, including the amount
of carbohydrate that arrives in the colon, the rate at
which it arrives, the capacity of the fecal flora to
produce the gas, and the proportion of the gas that is
absorbed, opposed to what is expelled as flatus.14 –17
Most studies of fruit juice absorption have focused
on the comparison of breath H2 values after a 1-time
serving of ;15 mL/kg21 of the juices in question. To
identify the malabsorbed carbohydrate in juices containing different amounts of fructose and glucose,
some investigators have administered solutions containing combinations of the carbohydrates present in
the different fruit juices.15 We have attempted to
address several questions related to fruit juice ingestion. The first goal of our study was to compare the
absorption of carbohydrate from grape juice and
pear juice using the breath H2 test, after the intake of
a juice at a somewhat lower volume than in previous
studies. After the administration of 10 mL/kg21 of
juice, only 1 infant had a peak breath H2 level $10
ppm, and that was after pear juice. There was no
significant difference in the peak breath H2 levels
between grape juice and pear juice at the initiation of
the study, although a trend toward higher levels of
H2 was seen after pear juice ingestion. When the tests
were repeated after 2 weeks of 2 daily servings of
either grape juice or pear juice, peak breath H2 levels
after pear juice became significantly higher than after
grape juice, regardless of the juice they had received
during that period. The statistical significance was
reached primarily by the presence of 1 outlier value
of 34 ppm after pear juice in an infant who experienced no symptoms. This finding probably was attributable to variability of breath H2 production and
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not a consequence of the fruit juice received for the
2-week period. Previous studies using somewhat
larger volumes of juice were able to demonstrate
carbohydrate malabsorption after apple juice (which
has a carbohydrate composition similar to that of
pear juice). Smith et al26 administered to infants 6
months of age .78 g/kg21 of fructose as apple juice
and 1.02 g/kg21 in the form of grape juice, although
in their study design they did not adjust the amount
of tested juice to the children’s weights. We only
administered .64 g/kg21 and .75 g/kg21, respectively. We cannot determine whether the 18% difference of fructose in the juice from which carbohydrate
malabsorption is more likely to occur explains why
Smith et al found evidence of carbohydrate malabsorption among 54% (4 of 7) of the children after
apple juice and only in 19% after grape juice. Although the juice we administered in our study was
pear and not apple, the fructose-to-glucose ratio of
both juices is very similar, although pear juice has a
higher concentration of sorbitol. It is possible that the
difference of .14 g/kg21 of fructose, which constituted 2.5 mL less per kilogram of body weight, could
have made the difference. Despite the fact that pear
juice has an even higher fructose-to-glucose ratio and
a higher sorbitol content than apple juice, carbohydrate malabsorption was only detected in 1 of the 12
infants.
The second goal was to compare the malabsorption of fructose from each type of juice. It has been
reported that fructose is the carbohydrate malabsorbed in apple (and pear) juice, that is responsible
for the breath H2 elevation and symptoms of diarrhea and abdominal pain.8,9,12 A recent study demonstrated that carbohydrate malabsorption persisted
even when the juices were treated with yeast, which
leads to a major reduction in fructose and glucose.15
This indicates that sorbitol is also responsible for the
breath H2 response obtained after the administration
of certain fruit juices. To estimate the extent of fructose malabsorption, we administered a tracer
amount of the stable isotope 13C fructose. The abundance of 13C in the human body and excreta depends
primarily on the natural abundance of 13C of the
foods ingested. Even if ,10% of the dose had been
malabsorbed after 13C fructose administration, it
would have been detected in the stool as an enrichment of 13C over baseline.19 We anticipated that the
grape juice would be better absorbed than pear juice
because of its carbohydrate composition, a premise
supported by previous reports.8 –10,26 Therefore, we
administered the 13C fructose with the juice from
which it was more likely that fructose would be
malabsorbed, which was pear juice, because of its
high fructose-to-glucose ratio and sorbitol content.
Based on the fact that sorbitol interferes with fructose
absorption, we would have expected a greater 13C
fecal enrichment when the stable isotope was administered with pear juice than with grape juice. However, that did not occur, which indicates that at the
volumes administered, 13C fructose malabsorption
was negligible. It is possible that a certain amount of
13
C fructose might have reached the colon, where it
was fermented by bacteria and transformed into
4 of 5

short-chain fatty acids that were absorbed through
the colonic mucosa. In addition, it might be speculated that the higher breath H2 levels observed after
pear juice, although too low to denote significant
carbohydrate malabsorption, might have been
caused by colonic bacterial fermentation of sorbitol,
as well as fructose. To confirm this hypothesis, additional studies would need to be conducted, administering 13C sorbitol with the juices.
The third goal of our study was to determine
whether feeding the juices twice a day, for a 15-day
period, would affect H2 production. It has been demonstrated that daily malabsorption of carbohydrate
impairs the H2 response. As a consequence of repeated carbohydrate malabsorption, the luminal concentration of short-chain fatty acids is high, the colonic luminal pH falls below the bacterial pK, and
thus, fermentation is inhibited.17 We were unable to
prove this point because of the low breath H2 levels
of our subjects at the time of the first study. However, significant carbohydrate malabsorption most
likely did not occur, because none of the mothers
reported that their infants manifested discomfort or
diarrhea.
The fourth goal was to determine whether fecal
water would be affected by feeding the infants a juice
containing carbohydrates which could not be completely absorbed, over a 15-day period. We found no
significant difference in the proportion of fecal water
between baseline and after feeding either grape juice
or pear juice.
CONCLUSIONS

In summary, our results indicate that at the volumes administered, there was no significant malabsorption of carbohydrate from grape juice or pear
juice. In contrast to our previous hypothesis,30 administration of the juices for a 15-day period did not
modify the water content of the stool. It would seem
that at the volume of pear juice administered in our
study, fructose malabsorption is low. As has been
previously suggested,18 young infants who ingest
apple or pear juice in lower amounts should not
experience any side effects from malabsorbed carbohydrate.
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