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Summary Six healthy male subjects were given a single oral dose of 
0.4g of maltitol per kg body weight containing [U-14C]-maltitol (50MCi) 
and their breath, urine, feces and blood were collected at appropriate 
intervals for 48 h to measure the recovery of administered radioactivity . 
Further, to measure breath hydrogen, 15 healthy male subjects ingested 
30g of maltitol and samples of their breath were collected for a 10-h 

period. The expired 14CO2 showed a wide peak about 3h after ingestion 
and 56% of the administered radioactivity was recovered in 48h . An 
additional 0.2% of administered radioactivity was recovered as expired 
14CH

4, 2.6% in urine and 14.3% in feces, respectively. The obvious 
increase of breath hydrogen was detected at 1h after maltitol ingestion 
and then a big peak at 3.5h, whereas maltose ingestion did not increase 
breath hydrogen. Both excretion profiles of breath 14CO2 and hydrogen 
coincided well. These results demonstrate that a greater part of ingested 
maltitol is fermented by intestinal microbes than is hydrolyzed by diges
tive enzymes. Although maltitol is catabolized to carbon dioxide via 
intestinal microbes, the available energy is much lower than that of 
digestible sugars such as sucrose.
Key Words maltitol, sugar substitute, sugar alcohol, expired CO2, hy
drogen, fermentation, intestinal bacteria

Disaccharide-alcohol maltitol has a sweetness approaching that of sucrose in 
intensity and quality (1, 2). In addition, maltitol is considered to be less easily 
digested, absorbed and metabolized than sucrose, and produces a less marked blood 

glucose response than sucrose (3-7). However, it has been reported by recent 
studies on total utilization of alternative bulk sweeteners that sugar substitutes
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escaping from digestion and absorption in the small intestine are fermented by 

intestinal bacteria in the large intestine producing metabolites such as short chain 

fatty acids, carbon dioxide, methane and hydrogen (8-11). Our recent studies 

using [U-14C]-maltitol in the conventional and antibiotics-treated rats showed 

different results from that of previous experiments (12).

It is difficult to discriminate between the host and intestinal bacterial contri

bution to the total utilization of nondigestible, fermentable sugar substitutes. In 

previous experiments to estimate the bioavailability of sugar substitutes including 

maltitol, the studies using 14C-labeled substrates from several laboratories provided 

valuable information on absorption and metabolism in vivo recovering 140O2 and 

further by analyzing radioactivity in urine or feces and its incorporation in internal 

organs (3, 5, 13). However, this method is not always appropriate to the quantifi

cation of undigestible and unabsorbable sugar substitutes, because the 14CO2 

recovered in expired br eath arises from the metabolism of sugar by both host and 

intestinal bacteria and from the metabolism of short chain fatty acids produced by 

intestinal bacteria (9). Nevertheless, this method has been applied to observe the 

disposition and metabolic fate of maltitol.

On the other hand, the hydrogen produced from fermentation of sugar 

substitutes is readily absorbed in the lower intestine and excreted through the lungs. 

The measurement of breath hydrogen has been used as the basis for investigating 

malabsorption of carbohydrates (14, 15). The combination of such measurements 

with the recovery of radioactivity from 14C-labeled substrates makes it possible to 

evaluate more exactly the metabolic fate and disposition of the labeled substrate. 

The purpose of this investigation is to obtain the basis for evaluating the metab

olizable energy of maltitol and for clarifying the metabolic fate and disposition of 

maltitol in man.

SUBJECTS AND MATERIALS

1. Materials. Maltitol, maltose and sorbitol were obtained from Hayashi

bara Biochemical Laboratories Inc. (Okayama, Japan). Crystalline maltitol was of 

more than 99.95% purity and crystalline sorbitol was of more than 99.5°o purity. 

Crystalline maltose was of more than 96% purity, containing less than 4% of 

glucose and a trace of maltotriose and maltotetrose. [U-14C] -maltitol was prepared 

from [U-14C]-maltose (specific activity 440mCi/mmol) according to the chemical 

reduction method, reacting with NaBH4 at 25•Ž for 100min (16). Maltitol 

obtained was identified by paper chromatography according to the Lato method 

(17) and was of more than 98% purity. Omunifluor (premixture of PPO and 

bis-MSB) was obtained from New England Nuclear Ltd. (MA, USA). Other 

chemicals used were of analytical grade.

2. Subjects in the measurement of hydrogen. This study was performed in 

compliance with the Declaration of Helsinki approved in the World Medical 

Assembly. Further, the experiment loading 14C-labeled material to man was
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approved by the expert committee of Yonsei University in Seoul, Korea.

Fifteen healthy male subjects, 33 to 45 years of age and weighing 60 to 75kg, 

were first completely informed of the nature and possible risk of this study. 

Beginning a week before the initiation of study, the subjects were given 10-30g of 

maltitol per day to establish a stable gas excretion after test carbohydrate ingestion 

and to avoid diarrhea during the study. Each subject fasted for at least 10 h before 

the experiment without complaining of any indisposition.

The subjects were administered orally with 200ml of solution containing 30g 

of maltitol or maltose. After the administration, the subjects were instructed to fast 

without hard exercise, and allowed to excrete urine while refraining from excreting 

feces as long as possible. A separate control experiment without any test carbo

hydrate was performed to establish the baseline of each subject. The subjects 

ingested maltitol or maltose in random order in. 1-week intervals.

3. Collection of expired breath and determination of hydrogen levels. Breath 

samples were collected in Douglas air-tight bags (Sibata Scientific Technology Ltd., 

Tokyo) for exactly 10 min at 30-min intervals 1h before and 5h after the sugar 

substitute ingestion, and thereafter at 60-min intervals for 5h (sampling period 

totally 11h). The volume of breath sample was measured with a wet-type gas flow 

meter (Model W-NK-5A, Shinagawa Seiki Co., Ltd., Tokyo). A portion of each 

breath sample was transferred into an aluminum-laminated film bag for hydrogen 

analysis. Breath hydrogen was determined by gas solid chromatogragh (GSC, 

Hitachi 263-50, Tokyo) equipped with a photoionization detector (PID, Hitachi) 

under the following conditions: active carbon column (60/80 mesh, 3 mmƒÓ•~2m), 

column temperature (60•Ž), injection temperature (100•Ž), carrier gas (helium 

99.99%, 50m1/min) (18, 19).

Gas sample (1ml) was injected under pressure onto the column. Quantifi

cation of the hydrogen was achieved from the peak area obtained from an 

integrator (Model C-R4A, Shimadzu) relative to the peak area of two sorts of 

standard gas. The composition of standard gas was hydrogen 10.43ppm, methane 

10.48ppm, carbon dioxide 1.992% and oxygen 14.89% on the basis of nitrogen. 

Other standard gas was hydrogen 102.2 ppm, methane 102.9ppm, carbon dioxide 

3.89°C and oxygen 19.85%.

4. Subjects participating in the study for determination of metabolic fate and 

disposition of [U-14C]-maltitol. Six healthy male subjects, 39 to 55 years of age and 

weighing 49 to 75kg, participated in this study. They were first completely 

informed of the nature and possible risk of the study. The subjects ingested a daily 

dose of 10 to 30g of maltitol for 7 days in order to avoid the possibility of diarrhea. 

They were instructed not to take any antibiotics for at least 10 days prior to the 

testing.

On the morning of the test, and about 2-3 h after breakfast (American style, 

with white bread, scrambled eggs with bacon and orange juice), the subjects were 

given a dose of 0.4g of [U-14C]-maltitol per kg of body weight in a 20% maltitol 

solution containing 50ƒÊCi [U-14C]-maltitol. They were not instructed to follow a

Vol. 37, No. 5, 1991



532 T. OKU et al.

special diet during the testing, except that they were told to consume low fiber food 

and no dairy products on the evening before and on the morning and noon of the 

test. After maltitol ingestion, the subjects continued their individual life-styles free 

from alcoholic drink and hard exercise, and further took sufficient sleep . In medical 

consultations throughout the test, no subjects complained of any indisposition and 

diarrhea.

5. Collection and preparation of expired breath, blood , urine feces and flatus.

1) Expired breath : The expired breath was collected for exactly 5 min through a 

respiratory mask into a Douglas air-tight bag at 0, 1, 2, 3, 4, 5, 6, 7, 8 , 9, 10, 12, 15, 

24, 36 and 48 h. After measurement of total volume of expired breath
, a part of the 

expired breath was transferred to two 10 liter rubber balloons for measuring the 

radioactivity of 14CO2 and 14CH4. The collection period and the recoverd radio

activity were used to calculate the total 14CO2 and 14CH4 for the preceding time 

interval.

The content of a rubber balloon was passed through 20ml of monoethanol

amine at a speed of 200ml/min, sucking into an air pump connected with a wet-type 

gas flow meter, and subsequently passed through a heated copper oxide column 

(820•Ž) to convert 14CH4 to 14CO2 by oxidation. The 14CO2 converted from 14CH4 

was trapped with monoethanolamine (20ml) (Fig. 1).

To measure radioactivity, 0.5 ml of breath sample was mixed with 15ml of 

scintillation cocktail composed to toluene and methylcellusolve (2:1) containing 

0.4•Ž of Omunifluor. The radioactivity of sample was determined by a liquid 

scintillation counter (Model LSC-700, Aloca Co., Ltd ., Tokyo) with about 93% 

counting efficiency.

2) Blood sampling: Blood was obtained by venipuncture at 0 , 0.5, 1, 1.5, 2, 

3, 6, 12, 15, 24, 36 and 48h. After clotting, the blood was centrifuged to obtain the 

serum. Serum (0.2ml) was mixed with 15 ml of toluene and Triton X-100 (2:1)

Fig. 1. Diagram of apparatus to trap and analyze 14CO2 and 14CH4 in breath and

•@ flatus.
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scintillation cocktail for measuring the radioactivity. The remaining serum was 

stored in a freezer (20•Ž) awaiting further use. The glucose concentration of the 

serum was measured by an assay kit using glucose oxidase (Glucose B-Test, Wako 

Pure Chemical Industries Ltd., Osaka).

3) Urine sampling: Urine was collected for 0-6, 6-12, 12-24, 24-36 and 

36-48h, respectively. The volume of urine collected was measured and 1 ml of the 

urine was mixed with 10ml of toluene and Triton X-100 (2:1) scintillation cocktail 

for measuring radioactivity.

4) Feces and flatus sampling: Feces were collected daily for 2 days. On the 

morning of the third day (48h after maltitol ingestion), 30g of sorbitol in a 20°o 

solution was given to subjects to cause diarrhea, discharging 14C-materials re

maining in the gastrointestinal tract. The collection of feces was carried out by using 

the special apparatus as shown in Fig. 2, and flatus was collected simultaneously. 

The feces reservoir was a stainless steel bowl butt covered with a polyethylene bag.

The collected feces were immediately weighed and diluted to 3 volumes (v/w) 

by adding 0.1N NaOH to retard the activity of intestinal bacteria, and subsequently 

suspended gently and stored at 2•Ž until further use. The fecal suspension was 

homogenized twice by Polytron (Brinkmann, Westbury, NY) for 1 min in ice

chilled condition and then further homogenized with a sonicator. Fecal homog

enate (0.5ml) was solubilized with 2ml of Protosol (Packard Co., Ltd.) at 55•Ž for 

5h and mixed with 10ml of toluene scintillation cocktail. Flatus was collected into 

a Douglas air-tight bag and then sucked into an air pump during bowel evacuation. 

The concentration of 14CO2 and 14CH4 of flatus was measured by the same method 

as that of expired breath.

6. Fecal incubation with [14C]-maltitol and analysis of fermented products. 

Fresh feces of 17 healthy male subjects were used for an in vitro incubation study 

to estimate the degradation of maltitol by intestinal microbes. The outline of 

experiments is shown in Fig. 3. A fecal homogenate (7g in 44ml of 0.1M NaHCO3, 

pH 7.5) was anaerobically incubated with addition of 280mg of [U-14C]-maltitol 

(2.36 iCi in 1ml of distilled water) under a nitrogen gas stream for 8h at 37•Ž 

(total volume about 52ml). The exhausted 14CO2 in N2 gas flow was trapped with

Fig. 2. Diagram of apparatus to collect feces and flatus,
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Fig. 3. Outline of fecal incubation with [U-14C]-maltitol and analysis of fermented 
products.

10ml of rnonoethanolamine, while 14CH4 was converted to 14CO2 and then trapped 

with the same reagent. An adequate amount of incubation medium was sampled 

for analyzing fermented products. The medium was centrifuged at 5,000•~g for 10 

min, and the supernatant was used to analyze short chain fatty acids by thin-layer 

chromatography (8).

7. Statistical analysis. The data obtained in this study were analyzed by a 

one-way variance analysis technique, keeping results from different material dose. 

The significance of differences between mean values was evaluated using Student's 

paired t-test.

RESULTS

1. Comparison of breath hydrogen from ingested maltitol and maltose

The basal hydrogen concentration at 30-min interval during 1h before in

gestion of a disaccharide was low and stable among subjects. The mean basal value 

of hydrogen for 15 subjects was 32.1•}23.5ƒÊmol/10 min. Figure 4 illustrates the 

mean concentration profiles of breath hydrogen after ingestion of maltose or 

maltitol. The time of disaccharide ingestion is designated as zero hour in Fig. 4. 

The breath hydrogen concentration after ingestion of maltose (30g) decreased to 

around the basal level until the 10th h, while maltitol (30g) ingestion increased 

hydrogen excretion markedly. The first mean increase of breath hydrogen among 

the 15 subjects was observed at 1 h after maltitol ingestion. The hydrogen excretion 

reached a maximum at 3.5h after ingestion and thereafter decreased gradually until 

the 10th h. These results suggest that maltitol administered orally is transferred to
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Fig. 4. Excretion rate of breath hydrogen after ingestion of maltitol or maltose in 
man, Fifteen healthy male subjects were orally administered 30 g of maltitol or

 maltose in a 20% solution. The individual breath was collected in a Douglas
 bag for exactly 10 min at 30-min intervals for the first 5 h after sugar ingestion
 and at 60-min intervals for a further 5h, After the measurement of the volume 
of breath, hydrogen was determined by gas chromatograph (Hitachi 263-50) as

 described in SUBJECTS AND METHODS.

the colon within 1h and is readily fermented by intestinal bacteria. Although these 

results demonstrate that a greater part of maltitol administered is fermented by 

intestinal bacteria, the ratio with which administered maltitol is moved to the large 

intestine and fermented by intestinal microbes is not clear.

2. Expired 14002 and 14CH4 after ingestion of [U-14C]-maltitol
The unit and cumulative recovery of radioactivity as 14C02 in breath after 

ingestion of 14C-maltitol is shown in Fig. 5. The recovery of 14CO2 was about 7% 
after 2h, 20% after 4h, 42% after 12h, 50% after 24h and 56% after 48 h after 
ingestion, respectively. It appears that the increase in the 14CO2 excretion rate in the 
early period after ingestion is slightly faster than that of [ U-14C] -Neosugar and 
slightly slower than that of [ U-14C]-glucose as reported in the published paper (8, 
20,21). A wide peak of 14CO2 excretion per unit period was observed around 3 h 
after ingestion, while 14CO2 excretion between 12h and 48h was very low. The 
recovery of radioactivity as 14002 for 48 h was about 56% of total radioactivity 
ingested (Table 1). These results are reasonably similar to the results obtained in 
studies performed with conventional rats (12). However, the energy utilization of 
maltitol cannot be directly estimated from these results.

Breath hydrogen excretion and the recovery of breath 14CO2 observed in 
different experiments are combined in Fig. 6. Excretion profiles of breath hydrogen 
and expired 14002 coincided very well. This suggests that the expired 14CO2 after 

[U-14C ]-maltitol ingestion is mainly produced either directly by intestinal bacteria

Vol. 37, No, 5, 1991
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Fig. 5. Time course of radioactivity of expired 14CO2 after [U-14C]-maltitol ingestion 

in man. See Table 1 as for subjects and determinations. Each point represents 

the mean•}SD of 6 subjects with duplicate determinations.

or indirectly through oxidation of short chain fatty acids synthesized by intestinal 
bacteria, and also demonstrates that digestion and absorption in the small intestine 
is not the main route of maltitol metabolism.

Breath 14CO2 after ingestion of [U-14C] -maltitol is produced not only by 
oxidation of maltitol but also by the direct and/or indirect effect of intestinal 
bacteria. Therefore, the metabolizable energy of maltitol cannot be evaluated 
directly from the value of 14CO2 recovered in expired breath. However, it is 
demonstrated in this study that a major portion of maltitol ingested is metabolized 
finally to carbon dioxide in man.

On the other hand, the recovery of 14CH4 from breath after maltitol ingestion 
was constant at an extremely low level throughout the experiment. The mean 
recovery of 14CH4 for 48h after ingestion was about 0.20% of total radioactivity 
ingested (Table 1). While all subjects had methane-producing microbes , the 
recovery from two of the subjects was about half of the mean. 

3. Recovery of 14C radioactivity from urine
About 100 of total radioactivity ingested was excreted in urine in the first 6h 

after ingestion and 0.6% in the following 6h (Table 1). In 48h, 2.6% of the 
administered radioactivity was excreted to the urine, but urinary excretion of 14C
radioactivity for the period between 24h and 48h after ingestion was less than 
0.5%. The variation among subjects was very small. The radioactive compounds 
containing 14C-carbon seem to be metabolites such as urea and uric acid, because

J. Nutr. Sci. Vitaminol.
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Fig. 6. Overlapping of a profile of expired 14CO2 after [U-14C]-maltitol ingestion
 and a profile of breath hydrogen after maltitol ingestion. The time scale in Fig.
 4 and Fig. 5 was adjusted in the same scale and the results obtained from the 
separate experiments were overlapped in the figure.

most of 14C-compounds in urine were observed to be not maltitol itself in rat

 experiments. About 2 to 300 recovery in urine is a reasonable value when compared 

with the results of experiment using rats.

4. Recovery of 14C-radioactivity from feces and flatus
The fecal excretion of 14C-radioactivity was calculated at two separate periods 

of 0-24 and 24-48h. 14C-radioactivity calculated for 24-48h contains that in feces 
excreted compulsorily by additional intake of sorbitol at 48 h after ingestion of 

[ U-14C]-maltitol. The recovery of 14C-radioactivity from feces for 0-24h was 
1.1.25% of total radioactivity ingested and for 24-48h was 2.96% (Table 1). About 
15% of the total radioactivity was excreted into feces by 48h. This value appears 
to be slightly higher than in the case of other animal experiments (12). Whether the 
compounds containing 14C-radioactivity were maltitol itself or not was not analyzed. 
Probably, the compounds were incorporated into intestinal bacteria as a constituent 
because a major part of maltitol ingested is fermented in the large intestine.

Table 1 shows the recovery of 14CO2 and 14CH4 from flatus. The recovery as 
flatus 14CO2 for 48h after ingestion was only about 0.05% of total radioactivity 
ingested, and was variable among subjects. The recovery of 14CH4 as flatus over 
48h was only 0.005% of the total administration, and was also variable among 
subjects. The radioactivity excreted to flatus as 14CO2 was about 100-fold that of 
14CH

4, and the radioactivity excreted to breath as 14CH4 was about 40 times that of 
flatus. These results indicate that the methane produced in the lower intestine is

J Nutr. Sci. Vitaminol.
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predominantly exhausted via breath rather than flatus.

5

. Movement of 14C-radioactivity and glucose level in serum
14C-radioactivity of serum reached a peak around 90 min after maltitol in

gestion and decreased gradually to 360 min (Fig. 7). The changing of serum 
radioactivity was very slight between 24h and 48h after the ingestion. It appears 
that the radioactive materials in serum are composed of short chain fatty acids such 
as acetic acid, propionic acid and butyric acid, glucose and sorbitol produced from 
maltitol in the small intestine, and their derivatives. Serum glucose levels did not 
show a significant change for the period between 0 min and 180 min after maltitol 
ingestion. Glucose levels at 0 min were slightly but not significantly higher than 
that observed in the case in which subjects were fasting, which seems to be due to 
the intake of breakfast. A small peak of glucose levels at 90 min after ingestion may 
imply that maltitol is digestible and absorbable in the small intestine.

6. Degradation of [U-14C]-maltitol by incubation with feces
Table 2 shows the average ratio of products from [U-14C]-maltitol incubated 

with the feces of 17 subjects. Most of the compounds in ether non-extractable 
fraction were maltitol at the beginning of incubation but maltitol could not be 
detectable after 8h incubation. Namely, maltitol was mostly consumed as a 
substrate of fermentation. During 8-h incubation, about 14% of total radioactivity 
added in the medium was incorporated into microbes and another 14% of that was

Fig. 7. Time course of radioactivity and glucose level in serum after [U-14C]-maltitol 

ingestion in man. As stated in Table 1, 0.2ml of serum from subjects was used 

to count the radioactivity and an adequate volume for measurement of glucose

 level, respectively. Each point represents the mean•}SD of 6 subjects with

 duplicate determinations.

Vol. 37, No. 5, 1991
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converted to 14CO2. Further, about 57% of total radioactivity was recovered in
 short chain fatty acids such as acetic acid, propionic acid, butyric acid and valeric 
 acid. These ratios were also similar to that observed when the lower concentration 
medium of maltitol was used. These results indicate that maltitol is utilized as a

 substrate of fermentation by intestinal microbes.

DISCUSSION

Previously, many papers reported on digestion, absorption , metabolism and 
excretion of maltitol in animals and human (1, 3-7, 22-24).

Maltitol is resistant to intestinal digestive enzymes but is hydrolyzed slowly by 
maltase (4, 5). Therefore, maltitol is a competitor of maltose for maltase . Further, 
large volume ingestion of maltitol suppresses body weight gain and induces diarrhea 

(1, 12), but diarrhea is recovered and not induced after intestinal bacteria in the 
host is adapted to maltitol. This diarrhea is not specific to maltitol; nondigestible 
oligosaccharides such as Neosugar (25) and lactitol (10) also induce a similar 
diarrhea, which digestible saccharides such as maltose and sucrose do not induce .

Like dietary fiber, maltitol also induces the enlargement of tissues such as 
cecum and colon in rats (1). The tissue enlargement induced is reversible and 
recovered soon after elimination of maltitol as well as other nondigestible carbo
hydrates (26). In other words, sugar substitute-induced diarrhea and tissue en
largement indicate the poperty of nondigestibility and fermentability . Further
more, maltitol increases fecal volume and weight just as dietary fiber does (1) , but 
is not detectable in feces in its original form. The results of this study in man using 

[U-14C] -maltitol are not consistent with characteristics listed above.
The transit time of 1h for maltitol appears to be very short in comparison with 

other sugars. This may be a special characteristic of sugar alcohols such as maltitol 
and lactitol. In our experiments using conventional rats , the time-dependent 
excretion of expired 14002 after oral administration of [U-14C]-maltitol was found 
to locate between that of [U-14C]-sucrose and that of [U-14C]-Neosugar (12) being 
detected at 1 h after administration.

Hidaka et al. reported that in in vitro experiment only a few kinds of intestinal 
microbes can utilize maltitol as a fermentation substrate (27) . However, when 
maltitol was administered orally to rats, it was not excreted in feces in its original 
form (1). In fact, our results in in vivo experiments using [ U-14C] -maltitol have 
demonstrated that maltitol administered orally is utilized by intestinal bacteria as 
readily as fructooligosaccharide, Neosugar (21). This discrepancy suggests that 
bioavailability of carbohydrates fermentable by intestinal bacteria should not be 
evaluated in a system that reconstitutes the intestinal environment .

These results suggest evidently that a major portion of maltitol escapes from 
digestion and absorption in the small intestine and is fermented in the large intestine 
by intestinal bacteria, and support the concept that maltitol is an energy-reducing 
sugar substitute.
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Rennhard et al. demonstrated that energy utilization of maltitol was approx
imately 90%, judging from the result of rat and human experiments using [U-14C]-
maltitol (13). However, as described above, nondigestible sugar substitutes in
cluding maltitol are metabolized to CO2 via products of intestinal microbes as short 
chain fatty acids (8, 14). Further, the production of hydrogen by maltitol ingestion 
suggests that a greater part of maltitol is neither digested nor absorbed in the small 
intestine. Rennhard et al. did not give careful consideration to the above situation 
when analyzing the data obtained from rat and human experiments. Also, they did 
not carry out the experiment to get the information on the utilization of maltitol by 
intestinal microbes. Therefore, bioavailable energy of maltitol should be markedly 
less than 90% of that of glucose.

Fecal excretion of radioactivity was about 15% of the total dose over a 48-h 

period after ingestion. This value is bigger in comparision with that of animal 
experiments (12). However, the ratio of incorporation into intestinal microbes was 
also about 1500 of total radioactivity in in vitro incubation systems using human 
feces. In addition, the ratio of incorporation into intestinal microbes was more than 
10% of total radioactivity in in vitro incubation of human feces with [U-14C]
Neosugar (21). Maltitol, like Neosugar, appears to be incorporated more easily 
into human intestinal microbes than into rat intestinal microbes, Furthermore , this 
may be related to the collection of feces, because in the present study the feces were 
suspended with 0.1N NaOH to prevent the fermentation of maltitol and its 
derivatives in feces immediately after the evacuation. 

   Wursch et al, reported that breath hydrogen from maltitol was slightly higher 
than palatinit and was lower than lactitol for 5h after ingestion (22). This result 
supports our view that the greater part of maltitol ingested is fermented by 
intestinal microbes. If maltitol is digestible and absorbable mainly in small 
intestine, a clear peak or shoulder of expired 14CO2 should be observed at a different 

position in the expiration profile. However, as shown in Fig. 6, time course profiles 
of expired both 14CO2 and breath hydrogen tightly coincide with each other . In the 
paper of Wursch et al., the peak of expired hydrogen was observed around 2h after 
the initial detection of hydrogen. This peak time is consistent with that of our 
experiment, in which the time of maltitol ingestion was designated as zero minute. 
Further, the level of breath hydrogen from 6 different sugar substitutes was not in 

parallel with the resistance to the hydrolyzing activity of intestinal digestive 
enzymes in vitro. The in vitro nondigestibility of sugar substitutes may not dem
onstrate exactly in vivo phenomenon such as gastrointestinal transport and fer
mentation.
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