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Zur Dosisabhiingigkeit der Fermentation und dem Ausmag der renalen
Ausscheidung von Palatinit (Isomalt) bei Ratten in Hinsicht aufseine energetische
Bewertung

Summary: The impact of dose-dependent caloric salvage by microbial fermentation processes in the
lower gut and the extent of renal excretion for the overall energetic availability of the alternative bulk
sweetener Palatinit were investigated in rats.

To evaluate the extent of dose-dependent fermentation a conventional and a germ-free rat model
were used and fecal excretions of Palatinit after intragastric application were compared. Because of the
lack of bacterial colonization in the gastrointestinal tract in germ-free rat the difference in fecal excre-
tion of Palatinit between germ-free and conventional rat is mainly due to bacterial fermentation. To
determine the amount of renal excretion of Palatinit the urine was collected.

The experiments were conducted using different amounts of Palatinit (300 and 1200 mg/kg body
weight = mg/kg b.w.). Fecal excretions of Palatinit and its monomers (sorbitol and mannitol) were
measured by high-performance liquid chromatography (HPLC) and for the determination of renal
excretions a gas chromatography system was used.

After the application of 300 mg/kg b.w. Palatinit only the breakdown product sorbitol could be reco-
vered in the feces of germ-free rats (29 % of the applied dose). No intact Palatinit could be found. In
contrast, neither Palatinit nor the breakdown products sorbitol or mannitol could be detected in the
feces of conventional rats after application of the same dose. After the application of the higher dose
only small amounts of intact Palatinit were found in the feces of germ-free rats (average 12 %). There
was no intact measurable Palatinit in the feces of conventional rats. The fecal excretions of sorbitol and
mannitol in the feces of the germ-free rats were 55 % and 39 %; in conventional rats only 21 % sorbitol
was excreted.

Only traces of Palatinit, sorbitol or mannitol were found in the urine of conventional and germ-free
rats after application of the low as well as the high dose.

In conclusion, this study clearly shows the dose dependency of fermentation and therefore the dose
dependency of the energetic (i.e., caloric) availability of this disaccharide sugar alcohol. In the calcula-
tion of the energy value of Palatinit the renal excretion of Palatinit and its monomers can be neglected.

Abbreviations:

b.w.: Body weight MSTFA: N-methyl-N-trimethylsilyltrifluor-acetamide
GPM:  a-D-glucopyranosyl-1,6 mannitol SCFA: Short-chain fatty acids

GPS: o-D-glucopyranosyl-1,6 sorbitol SD: Standard deviation

I.D.: Internal diameter
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Zusammenfassung: Bei Ratten wurde die Dosisabhéngigkeit der kalorischen Nutzung durch mikro-
bielle Fermentationsprozesse im Dickdarm sowie das Ausmal der renalen Ausscheidung des Zucker-
austauschstoffes Palatinit in Hinsicht auf seine energetische Bewertung untersacht.

Anhand eines konventionellen und eines keimfreien Rattenmodells wurde das AusmaB der Dosis-
abhéngigkeit der Fermentation bewertet. Hierbei wurden die Ausscheidungen vom Palatinit in den
Faeces nach intragastraler Applikation verglichen. Da bei keimfreien Ratten jegliche baktericlle
Besiedlung des Gastrointestinaltraktes fehlt, stellt die Differenz der Ausscheidung von Palatinit in den
Faeces den Umfang der bakteriellen Fermentation dar. Wihrend der Versuchsperiode wurde der Urin
der Ratten gesammelt, um die renale Ausscheidung des Palatinit zu bestimmen.

Die Experimente wurden mit zwei unterschiedlichen Palatinitdosierungen durchgefiihrt (300 und
1200 mg/kg Kérpergewicht = mg/kg KG). Die Ausscheidung von Palatinit in den Facces wurde mittels
eines HPLC (high-performance liquid chromatography) Systems bestimmt. Das Ausmaf3 der Ausschei-
dung von Palatinit iiber die Niere wurde mittels Gaschromatografie gemessen.

Nach der Verabreichung von 300 mg/kg KG Palatinit konnte nur das Abbauprodukt Sorbit in den
Faeces keimfreier Ratten nachgewiesen werden (29 % der verabreichten Gesamtdosis). Intaktes Pala-
tinit war nicht mefbar. Im Gegensatz dazu konnten nach Verabreichung derselben Dosis an konventio-
nellen Ratten weder Palatinit noch die Abbauprodukte Sorbit und Mannit in den Faeces nachgewiesen
werden. Nach Applikation der gréfieren Dosis wurden nur kleine Mengen Palatinit in den Faeces keim-
freier Ratten gefunden (durchschnittlich 12 %). Wiederum war in den Faeces konventioneller Ratten
kein intaktes Palatinit messbar. Die Ausscheidung von Sorbit und Mannit betrug bei den keimfreien
Ratten 55 % sowie 39 %, bei den konventionellen Ratten wurden nur noch 21 % der verabreichten
Sorbitmenge ausgeschieden.

Im Urin von konventionellen und keimfreien Ratten waren nur noch Spuren von Palatinit, Sorbit und
Mannit nachweisbar unabhéngig von der applizierten Palatinitdosis.

Zusammenfassend zeigt diese Studie deutlich die Dosisabhingigkeit der Fermentation und folglich
die Dosisabhiingigkeit der energetischen bzw. kalorischen Nutzung dieses Disaccharidalkohols. Bei der
Berechnung des Energiegehalts von Palatinit ist dessen Ausscheidung tiber die Nieren zu vernachlis-
sigen.
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Introduction

The sugar alcohol Palatinit (isomalt), a mixture of the two disaccharide polyols, a-D-
glucopyranosyl-1,6-sorbitol (= GPS) and a-D-glucopyranosyl-1,6-mannitol (= GPM),
is a white, crystalline, sweet-tasting water soluble substance. Beside its reduced cario-
genic property (19), Palatinit is designed to replace high-calorie sugars in food; it is
claimed to have a lower caloric utilization when used as a sweetening agent (12, 33, 38).
Palatinit is manufactured from sucrose by enzymic rearrangement to isomaltose
followed by chemical reduction of the fructose unit to mannitol and sorbitol (17).
Hydrolysis of Palatinit liberates glucose (50 %), sorbitol {25 %) and mannitol (25 %)
(12).

Dietary oligosaccharides which are not enzymatically digested or absorbed in the
small intestine are transported into the lower, microbially colonized part of the digestive
tract. A part of these substances together with variable amounts of glycoproteins from
intestinal secretions such as mucins are fermented by intestinal micro-organisms (2, 3, 5,
41, 43). It is postulated that Palatinit is only partially enzymatically hydrolyzed and
absorbed in the small bowel and the remainder (as well as not absorbed sorbitol and
mannitol) is partially fermented by the intestinal microflora (16). Since oxygen is absent
in the large intestine the decomposition products are short-chain fatty acids (SCFA),
lactic acid, carbon dioxide, hydrogen, and methane as well as some heat production and
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growth of the fermenting bacteria (13, 24, 27). The SCFA’s are absorbed rapidly and
contribute to the overall caloric need of the body (6, 14, 40). A non-invasive breath test
for hydrogen in the end-expiratory air has been used in the diagnosis of various types of
carbohydrate malabsorption (4, 18). While measuring breath hydrogen and methane,
Fritz et al. found a linear relation between a dose of 20-50 g Palatinit and exhalation of
hydrogen in healthy volunteers (11).

In this study a conventional and a germ-free rat model were used to quantify the
extent and the dose dependence of fermentation of Palatinit. Non-caecectomized germ-
free rats were used in earlier experiments with Palatinit and other sugar polyols (28, 45—
47). A longer gastrointestinal transit time of the germ-free rat in comparison with its
conventional counterpart is due to the enormous caecomegaly (1, 35) which implicates
a wrong measurement of enzymatic hydrolysis and absorption of the test substance in
the small bowel and the caeccum (44). Therefore, the germ-free rats were caecectomized
before the start of experiments; they represent the germ-free analogue to the conven-
tional rats (20).

It might be thought likely that the energy value is reduced through renal excretion of
monomers of Palatinit. In one study the disaccharide alcohol maltitol is found to be
excreted to an extent of 14 % of the applied dose (28). As has been reported for the rat
and man so far (17, 30), Palatinit appears in small amounts in urine after oral ingestion.

There are conflicting results on the extent of energy utilization of these alternative
carbohydrates, but it is postulated that the physiological energetic value of Palatinit is
between 6.3-13.4 kJ/g (1.5 and 3.2 kcal/g) (9, 17, 26). Recently, Kriiger and co-workers
found a dose dependency of the enzymatic cleavage and absorption of Palatinit in the
small bowel of rats. In conclusion, it was pointed out that it is not correct to refer to
experimental results obtained with high doses when estimating the energy value for a
realistic low dose range (15, 26).

This study describes the extent and the dose dependence of Palatinit fermentation in
a conventional and a germ-free rat model. Together with the renal excretion of Palatinit
orits monomers the implication of the results for the caloric value of Palatinit is shown.

Methods

Animals

Conventional rats: Male juvenile Wistar rats weighing 104.2 = 7.4 g were used. Germ-
free rats: Male juvenile Wistar rats (HAN: Wistar, 1970, Central Animal Laboratory,
Berlin-Steglitz) weighing 157.0 =+ 36.5 g were used. Three weeks before the experiments
started the germ-free rats were caecectomized as described previously (21).

Before each experiment, the animals were fasted for 16 h with prevention of copro-
phagy by limiting lateral movement in metabolic cages, but with free access to drinking
water.

Experiments: The two different doses of crystalline Palatinit (300 and 1200 mg/kg b.w.)
were dissolved in a hypotonic electrolyte solution and then administered as a 1.5ml
bolus by gastric gavage as previously described (25, 26). A control group received only
a 1.5ml bolus of the electrolyte solution. During the following 24 h the rats were placed
in metabolic cages with prevention of coprophagy and free access to food and water.
Feces and urine were collected. The weight of feces and the volume of urine were deter-
mined and aliquots were frozen at -20°C until carbohydrate analysis was done.
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The feces were freeze-dried at -65° C for 16h (GT3, Leybold-Heraeus, Cologne) and
the fecal dry weight determined. The feces were pulverized (Fritsch Pulverisette) and
200 mg were dissolved in 10 ml aqua dest. 250 ug ribitol as internal standard were added
to an aliquot of 750 ul. The measurement of Palatinit and its monomers in the feces was
performed by a HPLC procedure (23). The determination of free glucose in the feces of
rats was not possible with this method. In the control animals there was an unidentified
peak after a retention time of 16.30 min interfering with the retention time of free
glucose. Before analysis an additional clearance of macromolecular components in the
feces of germ-free rats was done by a sephadex column (G-25M, Pharmacia). Analysis
of Palatinit in the urine of conventional and germ-free rats:

1 ml of urine was centrifugated (9600 x g, 5 min) and an aliquot of 200 ul was taken. As
an internal standard 100ul phenyl-B-D-glucopyranosid (1 mg/ml) was added. The
derivatization and silylization with MSTFA was performed as described earlier (12).
0.5 ul of this solution was injected onto a 30 m x 0.33mm L.D. open tubular fused-silica
capillary column, coated with OV-1701. Analyses were performed on a Carlo Erba
Model 4160 gas chromatograph (Carlo Erba, Hofheim) controlled by a Perkin-Elmer
model Sigma 10 B integrator (Perkin-Elmer, Uberlingen). All compounds were eluted
employing a temperature program: 150°C for Smin; 5°C/min 150-190° C; 10° C/min
190-220° C and 220°C for 10 min. The inlet and detector temperature were maintained
at 260°C. The carrier gas was helium with a flow rate: 2 ml/min; synthetic air: 400 ml/
min; Hy: 25 ml/min. The splitting ratio was 1:20.

The following equation according to the factorial approach (42) was used to calculate
the energy value (E,,) of Palatinit:

E,=[(AxB)+ (1-A)x0.5]x 16.5x R kl/g.

A = fraction absorbed from the small intestine; B = fraction utilized by the body after
absorption from the small intestine; R, = ratio of the energy content of the alcohol
concerned compared with that of saccharose (for Palatinit 1.03); 0.5 = proportion of the
utilizable energy available from the large intestine; 16.5 = energy content of saccharose
in kJ/g. Palatinit is absorbed as glucose, sorbitol and mannitol in the ratio 2:1:1
[50%:25%:25%].

All tests were conducted according to a randomized plan. The results are presented
here as a mean (+ SD) of six values unless otherwise indicated. Data was analyzed by
means of Student’s t-tests, and U-tests. Statistical significance was set at a probability
level of 0.05.

Results

The percentage of recovery of Palatinit (GPS, GPM) and its monomers sorbitol and
mannitol in the feces of germ-free and conventional rats is shown in Table 1. There was
a complete hydrolysis of GPM and GPS in the gastrointestinal tract of conventional rats
after application of the low as well as the high dose of Palatinit. The monomer mannitol
disappeared completely with both doses after hydrolysis of GPM. A significant recovery
of sorbitol was obtained after application of 1200 mg/kg b.w. Palatinit, whereas all free
sorbitol was digested in the group with the lower dose. In comparison, there was a
significant recovery of intact Palatinit (GPS, GPM) and of both monomers sorbitol and
mannitol in the germ-free group, which received 1200 mg/kg b.w. Palatinit. In contrast
to the conventional group, sorbitol was detectable after application of the low dose.
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Table 1. Percentage recovery of Palatinit and its monomers sorbitol and mannitol in the feces of rats 24 h
after intragastric administration of different doses of Palatinit (Means * SD)

Group n Dose GPS GPM Sorbitol Mannitol
(mg/kgb.w.)

Conventional 6 300 (V] 0 0 0

rats 6 1200 0 0 26.6+14.72 0

Germ-free 4 300 0 0 20.2 +24.9v 0

rafs 4 1200 9.5 % 6.4 15.5£6.92¢ 554+ 18.6° 38.8 £ 9.62¢

(¢ means were significantly different p =0.01; ®° means were significantly different to the mean values
of the same dose in the conventional rats p <0.01)

In comparison to conventional rats, intact GPS (9.5 % SD 6.4 %) and GPM (15.5%
SD 6.9 %) in the feces of germ-free rats were detectable after the application of 1200
mg/kg b.w. Palatinit (Table 1), suggesting bacterial fermentation processes of intact
GPS and GPM after an incomplete enzymatic hydrolysis in the small bowel (Fig. 1).

The recovery of GPS and GPM as well as of sorbitol and mannitol in the urine of
conventional and germ-free rats was below 1 %. Only small amounts of Palatinit and its
monomers were detectable after the application of the higher dose (Table 2).

There was no difference in the water content of the feces between the different
conventional rat groups (control versus 300 versus 1200 mg/kg b.w.), but a significant
difference between conventional and germ-free rats (64.6 % SD 3.3 versus 71.6 % SD
2.8; p=0.001).

In contrast to the intestinal cleavage (i.e., disappearance) of Palatinit after the appli-
cation of 300 mg/kg b.w. in conventional rats (100 %), there was a recovery rate of 7%
of the whole dose in the germ-free animals as shown in Fig. 2. After the application of
1200 mg/kg b.w. Palatinit this difference was highly significant (95 % intestinal cleavage
in conventional rats versus 70 % in germ-free rats) (Fig. 2).

Discussion

In this study a conventional and a germ-free rat model were used to quantify the extent
and dose dependency of fermentation of Palatinit in the colon. For this purpose two
different doses were chosen: a low dose of realistic daily sugar intake without side-
effects (300 mg/kg b.w.) and a high-dose of unrealistic sugar intake (1200 mg/kg b.w.).

Table 2. Percentage recovery of Palatinit and its monomers sorbitol and mannitol in the urine of rats
24 h after intragastric administration of different doses of Palatinit (Means * SD}

Group o Dose GPS GPM Sorbitol Mannitol
(mg/kgb.w.)

Conventional 6 300 0 0 0 0

rats 6 1200 =1 =1 =<1 2.1+£0.5

Germ-free 4 300 =1 =<1 =1 =1

rats 4 1200 1.3+0.8 23+1.4 34425 3.9+29
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Fig. 1. Percentage of hydrolysis of GPS and GPM (£ SD) in conventional and germ-free rats after intra-
gastric administration of 300 or 1200 mg/kg b.w. Palatinit (* means significant different to hydrolysis of
GPS and GPM in conventional rats p < 0.01).
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Fig. 2. Percentage of intestinal degradation of Palatinit in conventional and germ-free rats after intraga-
stric administration of 300 or 1200 mg/kg b.w. Palatinit (* and ®* means significant different to conventi-
onal rats p* <0.01; p** <0.001; ® means significant different to 300 mg/kg b.w. to germ-free rats p°
=0.02; ¢ means significant different to 300 mg/kg b.w. to conventional rats p° = 0.02).
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The amount of Palatinit excreted by the germ-free rats represents the extent of en-
zymatic cleavage in the small bowel because, due to the lack of intestinal bacteria, no
fermentation processes could take place. Therefore, the differences in the amount of
the applied substance recovered in the feces of conventional and germ-free rats repre-
sents the extent of fermentation. As shown above, only the caccectomized germ-free rat
represents the analogue model to the conventional rat (20). One can postulate that after
24h all of the applied Palatinit is excreted in the feces, because in rats the gastrocaecal
transit times for sugar and sugar substitutes are 2h at most (25).

Due to an interfering peak after the same retention time as the retention time of
glucose with this HPLC system, the demonstration of free glucose in the feces was not
possible. But it can be assumed that the free glucose is completely absorbed (8, 41).
Kriger et al. showed a higher intraluminal disappearance of glucose than that of
sorbitol and mannitol which, in contrast to the active absorption of glucose, are known
to be absorbed through passive diffusion 1 h after intragastric administration of Palatinit
(26). No glucose could be recovered in the feces of conventional and germ-free rats
which were fed with a test diet containing a proportion of 5% or 10 % Palatinit (39, 46,
47).

Palatinit has been shown to be fermented by the colonic flora in vivo and in vitro (11,
16, 27). The extent of this fermentation process depends on the enzymatic cleavage and
absorption of Palatinit in the small bowel. An earlier study indicates the dose depen-
dency of Palatinit hydrolysis in the small bowel. The results suggest a nearly complete
hydrolysis of Palatinit in the small bowel after intragastric application of realistic low
doses to rats (150 and 300 mg/kg b.w.); only about half of the dose was hydrolysed 1h
after the application of a high dose (1200 mg/kg b.w.) (26). The recovery results of this
study with the germ-free rat model, representing the digestibility of Palatinit in the
small bowel because of the lack of colonic bacteria, show complete hydrolysis and
absorption of the cleavage products sorbitol and mannitol after the application of the
low dose.

As shown in Fig. 1, in contrast to an enzymatic hydrolysis of about 90 % of GPS and
85 % of GPM after the application of the high dose, there is complete hydrolysis of
GPM and GPS after administration of the low dose of Palatinit. The higher extent of
hydrolysis of GPS than that of GPM confirms earlier findings (17, 26). These results
demonstrate a malabsorption of Palatinit in the small intestine due to the low affinity of
the intestinal disaccharidases for this substrate (17, 30). Compared to the recovery data
of Palatinit in the feces of germ-free rats, no GPS or GPM could be detected in the feces
of conventional rats, indicating complete cleavage by fermentation.

After the hydrolysis of GPM and GPS there is significantly better intestinal cleavage
of mannitol than of sorbitol. However, the absorption of mannitol was not complete at
the higher dose in germ-free rats (see Table 1). This supports a dose dependency in the
intestinal absorption and fermentation of mannitol and sorbitol. In earlier findings there
are contrary results postulating a dose-dependent absorption in the small bowel of
human beings (31) or describing mannitol as a non-absorbable substance {10). An intes-
tinal absorption of 25 % (36) or at least 75 % (32) has been reported as well.

The results in Fig. 2 indicate a dose dependence of fermentation, showing signifi-
cantly better intestinal cleavage of Palatinit and its monomers after application of the
low dose than after the high dose of Palatinit. Fritz et al. showed a linear relation
between a dose of 20 to 50 g Palatinit (~ 300700 mg/kg b.w. Palatinit contained in a
diet) ingested by 11 normal individuals and exhalation of hydrogen (11). But with this
indirect measurement of fermentation the absolute amount of Palatinit degraded in the
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human colon could not be assessed with certainty. The excretion data of the germ-free
rats show that in physiological doses a complete hydrolysis of Palatinit in the small
bowel takes place and only sorbitol reaches the colon and is fermented by the intestinal
bacteria. After ingestion of an exceedingly high dose there is a significant rise of
fermentation of Palatinit and its breakdown products. This is mainly due to the reduced
enzymatic hydrolysis as mentioned above and an additional inhibition of passive or
active absorption of the cleavage products by osmoregulation as reported by Lorenz et
al. (26, 29).

Negligible amounts of Palatinit and its monomers were present in the urine, indi-
cating complete hydrolysis of the orally administered disaccharide polyol (Table?2).
Excretions of about 37 % in germ-free animals, mainly as sorbitol and mannitol, were
reported in an earlier study (47). These results support the data of Kirchgessner et al.
(22) and Grupp et al. (17), who found only traces of Palatinit and its monomers in the
urine of rats. In experiments with “C-labeled isomalt, 3.6 % of the administered dose
was recovered in the urine of conventional rats (9).

With respect to the results we can calculate by factorial approach that 93 % of the
applied low dose of 300 mg/kg b.w. undergoes hydrolysis and subsequent absorption of
the cleavage-products glucose (50 %) sorbitol (18 %) and mannitol (25 %) in the small
intestine. Only a small amount of the whole low dose in form of sorbitol (7 %) reaches
the colon and is completely fermented, since nothing is left in conventional rats. In a
high-dose range (1200 mg/kg b.w.), 70 % of the applied dose is cleaved by hydrolysis
and absorbed in the small bowel (glucose 44 %; sorbitol 11 %; mannitol 15 %), 25%
{glucose 6% sorbitol 9 %; mannitol 10 %) by fermentation and only sorbitol, repre-
senting 5% of the applied dose, is excreted in the feces. According to the factorial
approach in the estimation of the energy value of sugar alcohols (42), the energy losses
during the decomposition of sugar alcohols are around 50 %. Taking this into account
and calculating that the energetic yield of the absorbed mannitol is about 50 % (42), the
overall energetic availability of Palatinit in a realistic low dose range is at least 14.3 kl/g
(3.4 kcal/g).

The polyols were administered in liquid form to fasting animals, as is generally the
procedure in such studies (25, 28, 37). In these conditions, the transit time is more rapid
than when they are taken up in a solid meal (7, 34} and one could expect a lower diges-
tibility of Palatinit. However, the energetic availability of Palatinit after application of
1200 mg/kg b.w. is calculated at 12.7 kJ/g (3.0 kcal/g). This lower energy yield is mainly
due to a lower digestibility of Palatinit in the small bowel, with the consequence that a
higher fraction of uncleaved Palatinit enters the lower gut. With increasing doses, Pala-
tinit and other sugar alcohols exert an osmotic effect leading to an altered net water
movement in the gastrointestinal tract and enhanced transit through the small intestine
(25, 29). This leads to a reduction in the caloric availability, despite an increase of
fermentation in the lower gut. But a further improvement of the fermentation processes
can be assumed after an adaptation period of the caecal flora (16).

In summary, the results presented in this study strongly suggest a dose dependency of
fermentation. Due to a lower cleavage of Palatinit in the small intestine after applica-
tion of inappropriate high doses and, despite an increasing rate of fermentation in the
lower gut, the energetic availability is clearly underestimated. Therefore, it is not
permissible to calculate the overall caloric availability of Palatinit with experimental
data obtained in an unrealistic high-dose range as was done in earlier studies (17, 39, 46,
47).
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With respect to the energy yield of Palatinit the renal excretions can be neglected. In
conclusion, the energetic value of Palatinit can be assumed to be 14.3kJ/g (3.4 kcal/g).
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