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Abstract

Juices have a different rate of gastric emptying than other foods. This may alter the rate of delivery of
carbohydrates to the small bowel for absorption. The aim of the study is to demonstrate that faster gastric emptying is
associated with greater production of hydrogen through a randomized, cross-over study of 39 healthy children. The
electrogastrography (indicator of the gastric myoelectric activities) and breath hydrogen tests (indicator of
carbohydrate malabsorption) were performed at baseline and after ingestion of 240 to 330 mL of grape or pear juice
given in a random order. The cutaneous electrogastrogram was analyzed by running spectral analysis to compute pre-
and postprandial period dominant power (PDP) and running spectrum total power (RSTP). Postprandial PDP and RSTP
were higher (p < 0.02) in the pear juice group than in the grape juice group, suggesting higher antral myoelectric
activities. Twenty three percent of the subjects had significant movement artifacts that suggested discomfort after
drinking pear juice compared to 5% after grape juice (p < 0.03). Breath hydrogen test was more frequently positive
(increase >20 part per million [ppm] above baseline) after pear juice (52.2%; mean, 36 + 33 ppm) than after grape
juice (4.3%, 6 + 6 ppm). In a multiple regression analysis, the most predictive independent variable of hydrogen
concentration was found to be either postprandial PDP (r2 =0.24; p < 0.002), or RSTP (2 =0.37; p <0.001). Juices
affect gastric myoelectric activity. Grape juice induces lower antral myoelectric activities and is better absorbed. The
malabsorption of carbohydrates of juices is in part related to their effect on the gastric physiology.

Consumption of juice is steadily increasing. Since commercial production of orange juice began fifty years ago,
there have been more varieties of fruit juice available and an increase in their consumption. Currently, the juices of
choice for infants and toddlers are apple and grape juices. The estimated average intake varies from 150-200 mL/d by
one year of age.1 When consumed in greater quantity, some fruit juices may lead to gastrointestinal complaints
because of a partial malabsorption of the carbohydrates present in the juice and their fermentation in the colon.2-5
Current understanding of absorption of sugars present in fruit juices may be summarized as follows 6-10: A threshold
exists in the capacity of the human small bowel to absorb fructose. The absorptive capacity of fructose is
dose-dependent unless fructose is combined with other sugars. Dietary fructose, if accompanied by an equivalent
amount of glucose, is readily absorbed because of the existence of glucose-dependent fructose cotransport
mechanism. In contrast, sorbitol may inhibit fructose absorption. Therefore, malabsorption of certain juices that
contain fructose in excess of glucose, such as apple and pear juice, is considered a factor in chronic nonspecific
diarrhea and recurrent abdominal pain. In contrast, grape juice that contains equivalent amounts of fructose and
glucose without sorbitol is better absorbed. 1,11

Although a threshold in the absorption of fructose exists, this threshold seems to vary among individuals and
depends on the mode of delivery of the fructose and the subject's age. Using breath hydrogen technique, Ravich et
al.,6 then Montes et al.,12 have reported that about 70% of adults malabsorb 50 g of fructose. Other studies 7-9
indicate that 50 g of fructose exceed the absorptive capacity of most adults. In contrast, studies using 25 g of fructose
indicate that healthy individuals can fully absorb this amount. However, Rumessen and Guman-Hoyer 9 have reported
subjects who, by breath hydrogen measurements, malabsorb and are symptomatic with less than 25 g of fructose.
Hoekstra 10 studied 114 children aged 0.1-6 years. All children given fructose in a dose of 2 g/kg had abnormal peak
hydrogen excretion. At 1 g/kg fructose, only 44% showed incomplete absorption. The percentage of incompletely
absorbing fructose in the peak hydrogen value was significantly higher in children aged 1-3 years.

Although the amount of fructose contained in some juices may be less than the variable "threshold" reported to be
well absorbed, other factors than those listed above may alter the absorption of juice carbohydrates. For instance, it
is well known that different juices have different rates of gastric emptying. For carbohydrate beverages, the gastric
emptying rate is primarily determined by the volume, the caloric content, and the osmolality of the fluid ingested.13
Gastric emptying rates vary among isocaloric beverages of different type (e.g., sucrose, fructose, galactose) or forms
(e.g., maltodextrins, starches) of carbohydrate. 14 For instance, gastric emptying is faster for a fructose solution than
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for a isocaloric glucose or galactose solution. A maltodextrin or a sucrose solution empties faster than a glucose
solution. This is possibly due to the greater inhibitory feedback associated with the introduction of glucose in the
duodenum. In addition, fruit juices contain soluble fibers, which modulate furthermore the gastric emptying. 14

One can speculate that if the rate of gastric delivery of the sugars to the small bowel is fast, their absorption by
the small bowel may be decreased. What is not absorbed by the small bowel will then be delivered to the colon; the
bacteria in the colon ferment the sugars, allowing the production of hydrogen. This speculation has never been
addressed before.

The smooth muscle cells of the distal two thirds of the stomach exhibit a cyclic recurrent electric activity that is
characterized by regular depolarization of the cellular membranes. 15,16 Nowadays, cutaneous electrodes attached to
the epigastric skin 17 can measure myoelectric activity in the stomach. This noninvasive technique is known as
cutaneous electrogastrography (EGG) and is, conceptually, the same technique as the Holter monitor of the heart
applied to the stomach. EGGs are reasonably sinusoidal waves recurring at a rate of three cycles per minute {cpm) in
humans. This predominant frequency is usually discernible by visual inspection of the signal, but computer analysis is
helpful in the qualitative and quantitative study of EGG records. Electrogastrography allows study of the pattern of
the electric activity and frequency of the gastric contraction and effect of meal and different conditions on this
pattern.

We designed a randomized, double-blinded, crossover study to correlate the EGG pattern, and the carbohydrate
absorption {(measured by breath hydrogen excretion) of pear juice and white grape juice in 39 healthy children
between 23 months and 14 years of age. The aim of the study was to demonstrate that the faster the gastric emptying
is associated with more production of hydrogen. Therefore, the malabsorption of carbohydrates in the juices is in part
related to their effect on the gastric motility and not only because of the limited ability of the small bowel to absorb.
In addition, this study may lead to the description of the baseline values of EGG in normal children.

SUBJECTS AND METHOD

Subjects included in the study were healthy 23-month- to 14-year-old children, with no gastrointestinal,
developmental, or nutritional disorders and on no antibiotic treatment. We excluded subjects that had a documented
infection of the gastrointestinal tract for the previous six months. After informed consent was obtained, the parents
were asked to fill out a questionnaire regarding the child's current and previous juice consumption. They were
requested to keep the child fasting (overnight or at least eight hours) before the study and two appointments on two
different days were given: one to study the pear juice and the other one, the white grape juice. The juice studied
first was randomly assigned and blinded to the subject and the investigator. At each visit, the EGG and breath
hydrogen test were performed at baseline and after ingestion of juice. The human subject protection committee
approved this study and informed consent was obtained from both legal guardians.

The juices were given at room temperature in 8 0z (240 mL) serving for children less than six years and 11 oz (330
mL) serving for older children. This portion size provided 0.75-1 g/kg body weight fructose and represented the
typical serving sizes for children at these ages. The specified amount of juice was consumed within 10 minutes.
Because the child had been fasting and the portion sizes were not excessive, there was no problem with finishing of
the juice. However, if the child refused to drink at least 75% of the specified amount, or if the time required to ingest
the required amount of juice exceeded 10 minutes, he was excluded from the analysis. The investigator recorded
accurately the timings of start of feeding, end of feeding, and the amount given.

The electrogastrogram was recorded during the thirty minutes preceding the juice ingestion (preprandial EGG or
basetine) till thirty minutes after ingestion of the juice. The skin of the anterior abdominal wall was rubbed with a gel
to decrease the resistance of the abdominal wall and hence increase its conductivity. Three electrodes were placed
over the abdominal wall: the first over a point midway between the xiphoid process and the umbilicus, the second at
the lateral one third of the left hemiabdomen 2 cm below the left costal margin, and the third electrode over the
point that form an isolateral triangle with the two other electrodes. The three electrodes were connected to an
ambulatory recording device that filters the signal at a frequency range of 0.5-18 cpm and digitizes it at a sampling
frequency of 2 Hz (Synectics Medical, Inc., Stockholm, Sweden). Fixation of the electrodes to the abdominal wall was
done through nonallergenic tape. Subjects were asked to limit their movements to decrease the artifacts that might
arise with movements of the recording device.

Breath hydrogen tests were concomitantly performed before and after drinking the juice. Breath samples were
collected in special collection bags before juice intake, then 40, 60, 75, 90, 105, and 120 minutes thereafter. No food
or drink was permitted during the testing period. The collected breath samples were analyzed for hydrogen content
using the SC Microlyzer (Quintron Instrument Co., Milwaukee, Wi, U.S.A.) within four to eight hours of collection.
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The second day of testing was scheduled 3-21 days after the initial tests. The same protocot was followed with the
other juice.

Data Analysis and Management

Al descriptive and analytic tests were performed with SOLO statistical analysis software (BMPD Statistical
Software, Inc. Los Angeles, CA). Variance was expressed as standard deviation {SD}, or, where indicated, as range of
values. The means between the two groups were compared using the paired Student t test and the Fisher exact test
when appropriate. Stepwise multiple regression analysis was also conducted. All values were considered significant at
the p < 0.05 level. The minimal number of subjects (n = 20) was calculated to our best estimate using the available data
to have a power of 95% (Beta = 0.05).

The peak hydrogen concentration was defined as the difference between the fasting hydrogen concentration and
the highest hydrogen concentration; the time to peak (minutes) was defined as the time from the beginning of the
juice ingestion to the peak hydrogen concentration; and the area under the breath hydrogen curve (ppm/min) was
defined from the beginning of the juice ingestion till 120 minutes thereafter. A peak hydrogen concentration >20 ppm
above baseline was considered a positive response.

Electrogastrographic recordings were considered to be of good quality if the artifacts were less than 5% of the
recording time calculated by visually inspecting the raw EGG signal. Analysis of good quality electrogastrograms was
carried out after removal of the artifacts. Thereafter, a running spectral analysis (Gastrosoft Inc., Synectics Medical,
Stockholm, Sweden) using a fast fourier transform (FFT) was applied for assessing the frequency content and relative
powers of the recorded EGG. Percentage activities of normal gastric slow wave (2-4 cpm), period dominant frequency
(PDF), dominant frequency instability coefficient (DFIC), period dominant power (PDP), dominant power instability
coefficient (DPIC), and running spectrum total power (RSTP) were computed.

The rationale and complete definition of the EGG analysis have been described elsewhere.17-19 A simplified
explanation and definition of the analyzed £GG variables are provided. The graph in Figure 1 gives an idea of how the
frequency and power of the EGG changes over the course of the analyzed periods. The lines in the graph are called
"FFT lines.” Each of these lines is the result of an FFT analysis of four minutes sixteen seconds of EGG data. There is a
one-minute interval between each FFT line. A standard 30-minute pre- or postprandial period will be made up of 27
FFT lines. The highest frequency peaks for each FFT line are named "dominant frequencies.” This dominant frequency
may be in the normal gastric slow wave region {2-4 cpm), in the region of tachygastria (4-10 cpm), or in the region of
bradygastria (0.5-2 cpm). The percentage breakdown of the frequency activity over the given period (30 minutes
preprandial and 30 minutes postprandial for each subject during the study of both juices) was computed. The PDF is
the mean "dominant frequencies” for a given period. The DFIC is a measure of how much the dominant frequency
changes over the course of the period. It is computed by first calculating the mean and standard deviation of the
individual dominant frequencies for the period in question. The standard deviation of the dominant frequencies is
then divided by the mean of the dominant frequencies to give the DFIC that is reported as percentage. The PDP is the
power of the PDF peak. The DPIC is a measure of how much the power of the dominant frequency changes over the
course of the period. It is computed by first calculating the mean and standard deviation of the individual dominant
frequency powers for the period in question. The standard deviation of the dominant frequency powers is then
divided by the mean of the dominant frequency powers to give the DPIC that is reported as a percentage.

14

FIG. 1. Théwpseudo 3-D running spectrum graph and table.
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Analysis of the total spectrum of the EGG data accounts for all the frequencies in each FFT line {Fig. 2). A
breakdown of the power distribution of the EGG allows computing of the RSTP over the analyzed period in the whole
spectrum in the normal gastric slow wave region (2-4 cpm), in the region of tachygastria (4-10 cpm), or in the region of
bradygastria (0.5-2 cpm). The total powers are calculated as the sum of the areas under the FFT lines and reported in
units of pVZ x cpm.
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FIG. 2. The 2-D running spectrum total power graph and table.

RESULTS

Thirty-nine subjects completed the study with both juices. Because the application of the breath hydrogen tests
in the pediatric population has required the development of a well-tolerated collection system that still requires some
cooperation of the child or the toddler,1,11,12 only thirty subjects out of the 39 were tested for the breath hydrogen.
Because of antibiotic therapy unrelated to the study protocol at the time of the second appointment, twenty-one did
the hydrogen test twice with both juices, six did it once with the white grape juice and three did it once with the pear
juice.

The thirty-nine subjects (21 males) were 5.7 + 3.7 (SD) years. The average weight and height were 24 + 21 kg and
107 £ 33 cm, respectively. They consumed an average of 268 = 101 mL of juice each time in 5.8 + 4.4 minutes. The
amount of juice consumed and the drinking time were not different while drinking pear or grape juice.

Good quality electrogastrograms were obtained in 37 subjects while drinking grape juice (2/39 or 5% had artifact
more than 5% of the postprandial period) and in 30 subjects while drinking pear juice (9/39 or 23% had artifact more
than 5%). The number of good quality EGG recording was significantly lower while the subjects were drinking pear
juice (p =0.023 by Fisher exact test). The analysis of the EGG was therefore performed on 27 subjects who drank both
juices and had good quality EGG (Table 1).
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TABLE 1. EGG variables for pear juice and white grape juice

At baseline (preprandially), the EGG variables were not significantly different while drinking one or the other
juice (paired Student t test). The percent activities of normal gastric slow wave (2-4 cpm) and the percent activities
of the bradygastria or the tachygastria were not significantly different. No difference was noted in the PDF, the DFIC,
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the DPIC, the PDP, or the RSTP in the region of bradygastria (for 2-4 cpm), in the region of tachygastria, or in the
whole spectrum.

After ingestion of the juice (postprandial values), the percentage activities of normal gastric slow wave, the
bradygastria, and the tachygastria were not significantly different while drinking pear or grape juice. The PDF and the
DFIC were not different either. However, the PDP, the RSTP in the region of bradygastria (for 2-4 cpm), in the region
of tachygastria, and in the whole spectrum were significantly greater after the subjects drank pear juice compared to
grape juice. On the contrary, the DPIC decreased significantly after the subjects drank pear juice.

When comparing the preprandial (baseline) values to the postprandial values for the same juice, the percent
activities of normal gastric slow wave, the percent activities of the bradygastria or the tachygastria, the PDF, and the
DPIC were not significantly different. However, the RSTP in the region of bradygastria (for 2-4 ¢cpm), in the region of
tachygastria, and in the whole spectrum were significantly greater after the subjects drank the pear juice. On the
contrary, the DFIC decreased significantly after the subjects drank any of the juice. The PDP increased significantly
after ingestion of the pear juice but not after ingestion of the grape juice.

Breath hydrogen tests confirmed the greater excretion of breath hydrogen after ingestion of pear juice compared
to grape juice (Table 2). The hydrogen concentrations were significantly greater at 40, 60, 75, 90, 105, and 120
minutes post ingestion of pear juice. The highest breath hydrogen concentration and the peak hydrogen (above
baseline) were also significantly greater with the pear juice. Eighteen of the 23 studied children {(78%) had a positive
breath hydrogen (increase of at least 20 ppm above baseline) while only two of 23 (9%) were positive with the grape
juice (p < 0.00001). The areas under the breath hydrogen curves showed similar results. The times to peak were not

different.

Breath hydrogen Pear juice White grape juice

values {ppm} n=23 range na=23 range p value
40 min 19.7 £ 19.9 0-78 59250 0-17 <0.005
60 min 20.0 % 19.6 0-94 7853 2-23 <0.01
75 min 26.8 £ 304 1137 71244 0186 <0.005
80 min 25.0 £ 24.8 0-88 81247 1-17 <0.005
105 min 36,5+ 25.4 4-81 9655 o-22 <0,0001
120 min 335+ 247 3-102 971249 3-18 <0.0002
Highest hydrogen 47.0+ 33.2 6-137 1342486 7-23 <0.0001
No. with highest hydrogen n=18, 78.3% n=2, 87% <0.0001

>20, ppm {3}

Peak hydrogen 35.6 £ 33.2 0-123 6.1280 0-20 <0.0005
No. with peak hydrogen n=12, 52,2% n=1,43% <0.0005

>20, ppm {356)

Breath hydrogen values in ppm {mean = SD and range) at different times, the highest hydrogen
value, the peak hydrogen {defined as the difference belween the fasting hydrogen concentration and
the highest hydrogen concentration), and the number and the percentage of subjects with the highest
hydrogen value and the peak hydrogen greater than 20 ppm are given with the p value of the paired
Student ¢ test.

TABLE 2. No caption available.

Of note, the increase of breath hydrogen correlated with the postprandial PDP (r = 0.49; p < 0.002), or
postprandial RSTP bradygastria (r = 0.60; p < 0.0001).

In a stepwise multiple regression analysis, where the dependent variable is the peak hydrogen concentration, the
most predictive independent variable was found to be the kind of juice (r2 =0.25; p < 0.05). If the discrete variable
kind of juice is not included, then the most predictive variable for the peak hydrogen concentration is either
postprandial PDP (r2 =0.24; p < 0.002), or postprandial RSTP bradygastria (r* = 0.37; p < 0.0001). Of note, taking more
than one predictive variable does not significantly increase the confidence of the prediction.

DISCUSSION

Methods to measure the gastric mechanical function vary from invasive to noninvasive.14 Invasive methods may
involve intubation and fixation of certain electrodes through the gastric walls that might alter the recording of the
myoelectric activity and thus the gastric physiology. Scintigraphy and CAT scan expose the subject to a radiation load,
Real-time ultra sonography though a valid technique lacks the power to assess the quality and the quantity of the
normal 3 cpm that are effective to empty the stomach content. Electrogastrography is feasible in children, easy to
perform, noninvasive, reproducible, and accurate. This study shows that it can be performed easily in children of
variable age with no side effects. Its limitation is the movement artifact. The child needs to be relatively still during at
least 30 minutes pre- then post-prandially. In this study 5 and 23% of children in the two groups failed to stay
completely still for an appropriate, almost artifact-free recording. Qur criteria for this research protocol were tight
because we wanted to detect small qualitative differences among juices in healthy children. In clinical practice, more
artifacts may not jeopardize the interpretation of the recording because the question would be more qualitative as to
whether or not the EGG is abnormal suggesting an abnormal gastric activity.18,20 In addition, the EGG recording could
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be repeated if the artifacts were frequent. Electrogastrography detects the quality as well as the quantity of the
gastric electromyogenic activities that generates the gastric contractions and thereafter the gastric emptying.21 To
our knowledge, this is the first study repeating, within three weeks in the same child, the baseline recording of the
EGG and obtaining the same values proving the reproducibility of this method.

This study performed on normal children reports the normal EGG variables at baseline, variables that can be used
to check if a child has a normal EGG fasting activity. In addition, the variations after a carbohydrate drink in normal
children are reported. We conclude that in a normal child, the DFIC should decrease postprandially while the RSTP in
the 2-4 cpm region should increase. This means that, postprandially, the dominant frequency should be more gathered
around its mean value while its power should significantly increase (the antrum contracts more often 3 cpm and at a
higher power). If the DFIC or the RSTP does not change in this manner, an abnormal EGG activity is concluded. This is
not different from the EGG pattern reported in adults. Chen and McCallum 19 and You et al.20 independently reported
that, in the normal adults, both EGG power and frequency are significantly lower and less stable throughout periods of
motor activity than they are during motor quiescence. After eating, the EGG frequency tends to decrease from the
baseline for a short period, subsequently rising gradually above the baseline. In addition, it appears that 3 cpm waves
are strong and effective in emptying the stomach content.18,21

While subjects' EGG behave normally after ingestion of both juices, the variables related to the power of the
antral contraction (RSTP) increased significantly more after ingestion of the pear juice. This demonstrates higher
myoelectric activity induced by the pear juice and possibly faster gastric emptying of the pear juice compared to the
grape juice.

This finding might be explained by the higher osmotic pressure of the ingested fluid, which slows down the gastric
emptying. The higher osmolality of the grape juice (1030 mOsm/L) compared to the pear juice (638 mOsm/L) will,
therefore, explain the faster emptying of the latter. Foster et al.22 assessed the gastric emptying rates of isocaloric
glucose and maltodextrin solutions. The authors reported that the 5% maltodextrin solution emptied faster than the
isocaloric 5% glucose solution that is more osmolar. The influence of beverage osmolality on gastric emptying was also
assessed by Sole and Noakes, 23 who measured the gastric emptying rates of a variety of carbohydrate solutions,
including 15% solutions of glucose, fructose, and maltodextrin. The 15% fructose (9.5 mL/min) and maltodextrin (10
mL/min) solutions emptied significantly faster than the 15% glucose solution (5.7 mL/min). The rate at which the
stomach empties into the duodenum depends on the osmotic pressure of the material entering the duodenum, sensed
by "duodenal osmoreceptors."24

In addition, another determinant of gastric emptying rate is the caloric content of the ingested juice.25,26 Some
investigators 27-29 have reported that solutions containing more than 2.5% carbohydrate tend to empty from the
stomach more slowly than do water or dilute saline solutions. Naveri et al.30 used radionuclide techniques to measure
the gastric emptying characteristics of four carbohydrate solutions, including 3% glucose solution and 3%, 5%, and 10%
maltodextrin solutions (mean chain length, 8 glucose units). The gastric emptying rates of the 3% glucose and 3%
maltodextrin solutions were similar, while the 5% and 10% maltodextrin solutions slowed gastric emptying in proportion
to their caloric contents. The authors concluded that the amount of carbohydrate ingested is a far more important
determinant of gastric emptying than is the osmolality or type of carbohydrate ingested. This finding is consistent with
the prevailing notion that the introduction of calories into the proximal small intestine inhibits gastric emptying.25
Therefore, the grape juice containing more calories leaves the stomach slower than the pear juice that contains fewer
calories.

Some authors 22,23,28,31 have reported differences in gastric emptying rates among isocaloric drinks of varying
carbohydrate type. Murray et al.31 assessed the gastric emptying rates of water and four isocaloric carbohydrate
solutions in resting subjects. On five occasions, subjects ingested 400 mL of water or 6% solutions of glucose, sucrose,
maltodextrin, and sucrose + glucose. The glucose and maltodextrin beverages exhibited significantly slower emptying
characteristics; there were no differences in this measure among water, sucrose, and sucrose + glucose. They
speculated that the slower gastric emptying associated with the glucose and maltodextrin solutions occurred because
these fluids were composed of 100% glucose. The lower total glucose content of the sucrose and sucrose + glucose
treatments may have induced a more rapid gastric emptying rates by reducing the overall inhibitory feedback from the
small intestine that is associated with the introduction of glucose into the intestinal lumen.32 In addition, the
presence of fructose may augment gastric emptying. Elias et al.26 reported slightly faster gastric emptying for a 100%
fructose solution compared with isocaloric glucose and galactose solutions. Therefore, the grape juice that contains
three times more glucose than the pear juice with a similar amount of fructose should empty slower. This is concordant
with the results reported herein.

The greater excretion of breath hydrogen after ingestion of pear juice compared to grape juice has already been
reported by others.1,2,7,11 This has been previously attributed not only to the sorbitol contained in pear juice but
also to its higher fructose to glucose ratio (Table 3). This higher fructose to glucose ratio also explains the higher
production of breath hydrogen in the apple juice. Fructose and glucose are present in equimolar concentration with
little sorbitol in the grape juice, making this juice almost completely absorbed.
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Juice Fructose Glucose Sucrose Sorbitol

Apple 6.2 2.7 1.2 0.5
Pear 6.4 2.3 0.9 2.0
White grape 7.5 7.1 0.0 0.0
Orange 2.4 24 4.7 0.0

Modified from Hyams et al.'’ and Hardinge et al.®®
TABLE 3. Carbohydrate (in gm/100 mL}) content of fruit juices

This is the first report in the literature of a significant correlation between the EGG variables related to the
gastric activity and the rate of breath hydrogen production. The stronger the antral contraction, the greater the
production of hydrogen. If the rate of gastric delivery of the pear juice to the small bowel is fast, its absorption by the
small bowel decreases. What is not absorbed by the small bowe! will then be delivered to the colon; the bacteria in the
colon ferment the carbohydrates, allowing the production of hydrogen. The slow delivery of the grape juice to the
small bowel allows a longer contact time leading to a more complete absorption without fermentation. In this study,
24-37% of the variability of the breath hydrogen production is explained by the variations in gastric activity (rz =
0.24-0.37 in the regression analysis). This denotes that the stomach physiology is another factor that can influence the
breath hydrogen production other than the difference in the fructose to glucose ratio or the juice content of sorbitol.
One can argue that this significant statistical association could be casual and not causal. Another way to demonstrate
this conclusion would have required mimicking the rate of grape juice entrance into the small bowel by administering
the pear juice as a slow constant infusion and show that carbohydrate malabsorption is lower. Of course, this would
have required an invasive technique and thus not have been carried out in young children. But, it is certainly possible
in adult volunteers. The problem is that adults may tolerate juices better than children. We are currently planning to
administer two solutions of similar carbohydrate composition with different osmolalities reproducing those of the fruit
juices and also two solutions with similar osmolality with carbohydrate composition mimicking those found in the fruit
juices.

If partial juice malabsorption has been implicated in a number of entities, including chronic nonspecific diarrhea
in children, toddler diarrhea, and recurrent abdominal pain,2-5 none of the studied subjects reported diarrhea or pain
after ingesting one serving of juice. Although not included in the study design, there was a statistically significant
difference in the number of movement artifact in the postprandial EGG recording. Five percent of the subjects had
significant artifact after drinking grape juice compared to twenty-three percent after pear juice (p =0.023). If
movements occurring after juice consumption are assumed to be from discomfort related to the partial malabsorption,
then pear juice induced more discomfort than grape juice. in ancther way, if more relaxation and fewer movements
accompany the satiety or absence of discomfort, grape juice was more tolerated than pear juice. It could be
speculated that because gastric emptying was slower with grape juice the subjects felt fuller for a longer time and,
thus, less hungry and less fidgety and, therefore, moved less creating less artifact than when they ingested the pear
juice. In addition, satiety would have been greater following ingestion of grape juice as this stayed in the stomach for
a longer time.

Future studies should aim at studying how these juices affect gastric emptying. Is it achieved by way of their
different composition in carbohydrate, their different caloric content, their different osmolarity, or by the induction
of different amount of gastric secretion? Does the type (glucose, sucrose, fructose) or form (e.g., maltodextrin,
starches) of the carbohydrate play a major role? Fruit juices contain soluble fibers that modulate furthermore the
gastric emptying. What is the role of manufacturing of the juice, its filtration, the modification of the physical
properties, and the amount of the fibers? Is the difference in hydrogen production among different juices partially
explained by the difference in gastric emptying alone or in association with a difference in the small bowel transit
time? How can we modulate some of the properties of these juices to improve their absorption?

In summary, white grape juice is associated with fewer movement artifacts, lower gastric myoelectric activities,
more absorption, and less hydrogen production than pear juice. The stomach seems to modulate the amount of
carbohydrates malabsorbed from fruit juices.
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